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THROUGH THE EYES OF THE EDITOR 


George Wood Clapp attacks the problem 
of the opening axis of the mandible from 
two angles. The movements of the mandible 
in the median sagittal plane are reviewed 
and analyzed, and the musculature which 
produces the movement is reviewed. The im- 
portance of the suprahyoid and infrahyoid 
muscles in producing the opening movement 
is emphasized, while the importance of the 
external pterygoid muscles in this movement 
is discounted. We question the validity of 
the statement that infers that the external 
pterygoid muscles cannot produce an opening 
movement because they are not in the sagittal 
plane. The two muscles can act together 
to pull the condyles forward while the supra- 
hyoid muscles keep the body of the man- 
dible from moving forward. The interpre- 
tation of this movement of the mandible 
might be misconstrued to mean that the 
face-bow is of no value in prosthetic den- 
tistry. We believe there are techniques 
which do and techniques which do not re- 
quire the use of the face-bow. The various 
interpretations of the problem depend upon 
the particular segment of movement being 
studied and upon whether the condyles and 
the mandible are considered as a separate 
entity (Granger) or whether they are con- 
sidered in relation to the skull (Clapp). 


Ernest R. Granger says that centric re- 
lation is the most important factor in den- | 
ture construction and that the importance 
of impressions is overrated. He has a good 
description of the movements that occur in 
the temporomandibular joint. He disagrees 
with some other writers in his interpreta- 
tion of the hinge axis of the mandible. He 
insists that the hinge axis of the mandible 
is constant within the condyle. The differ- 
ence seems to be one of interpretation. He 
questions the existence of an apex of the 
so-called Gothic arch tracing, then uses two. 
of them, but for a different purpose than the 
location of centric relation. Instead, they 
are used to locate the arc of lateral move- 
ment. Again, this is largely a difference 
of interpretation. The only advantage we 
can see in two tracings is that the lateral 
arc relations are more clearly related to the 
moving center of lateral movement. The 
two arcs of a single tracing tell the same 
story as the four arcs of two tracings. The 
only real difference is in the use to which 
these tracings are put. If only graphic reg- 
istrations are used, there is value in having 
two tracings. If three-dimensional records 
of jaw relations are made, the tracing (or 
tracings) only indicates the relative jaw po- 


sition. 
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His explanation of the reason for pa- 
tients closing in eccentic positions when the 


“bite” is taken is very good. It emphasizes 
the importance of avoiding the word “bite” 
when jaw relations are recorded. Our ob- 


servations of the results of the use of check 
bites when they are properly used do not 
bear out his observations regarding their in- 


accuracy. 


His analysis of the chewing cycle when 
centric occlusion coincides with centric rela- 
tion is very good. The comparison of this 
cycle with that when the dentures have 
been built to a “functional centric” (a re- 
lation other than centric relation) is very 
enlightening. 


The term centrodynamic path is one which 
has been needed in our thinking. It desig- 
nates the path of the working side condyle, 
which is one of rotation and sliding as the 
teeth approach centric occlusion from a lat- 


eral contact position. 


Robert B. Sloane describes an accurate 


method for mounting casts on the articula- 


tor. The procedure includes the use of a 
kinematic face-bow and an ingenious clutch 
for attaching the bite fork to the remaining 
lower teeth. The procedure is indicated par- 
ticularly in occlusal reconstruction and for 


diagnosis of occlusal disharmony. 


Frank H. McKevitt writes of the impor- 
tance of the establishment of the correct 
vertical dimension and of the correct loca- 
tion of the occlusal plane. He suggests that 
these factors have a bearing upon the path 
of the Bennett movement. The vertical di- 
mension of occlusion is established by the 
teeth. Any method for measuring this re- 
lation is of value. However, we suggest 
that allowance should be made in these 
measurements for abrasion of the remain- 
ing teeth and the loss of total vertical jaw 
separation as the result of the loss of some 
of the teeth. The division of the vertical 
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dimension into maxillary and mandibular 
parts will be a helpful approach to the 
problem. 


Meyer M. Silverman states that the verti- 
cal dimension should not be increased. He 
bases this statement on observations of the 
relations of teeth during speech. The speak- 
ing method for determining vertical dimen- 
sion depends upon the relations of the an- 
terior teeth during the formation of certain 
sounds. It certainly is a guide to the cor- 
rect vertical dimension, but it involves the 
use of judgment as do all the other methods 
for determining vertica! dimension. The evi- 
dence presented does not seem sufficient to 
make such a broad sta‘:nent as is implied 
by the title. It does, however, indicate the 
need for caution in increasing vertical dimen- 


sion. 


Louis S. Block has written of the effect 
of muscular tensions in denture construction. 
These muscular tensions certainly add to the 
difficulties of both the patient and the dentist. 
They may make otherwise satisfactory den- 
tures unwearable, and they may prevent a 
proper registration of jaw relations. He di- 
vides the factors which cause muscular ten- 
sions into two groups, (1) the biomechanical 
disharmony of the occlusion with the tem- 
poromandibular joint and (2) the psychic 
factor. Both are of equal importance. The 
importance of the biomechanical factor is ob- 
vious, but this factor is often difficult to sep- 
arate from the psychic factor which arises 
from emotional stress. The treatments that 
are suggested should go far toward making 
the biomechanical aspects of denture con- 


struction more simple to solve. 


Leonard S. Fletcher outlines eleven crit- 
ical points which, if they are carried out 
correctly, will assure the success of com- 
plete dentures. He elaborates on some of 
these in order to emphasize their importance. 
With most of this we agree, but we must 
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take exception to the statement that the 
lower anterior teeth “must be set on the 
crest of the ridge.” Placing these teeth 
on the crest of the ridge will eliminate an 
unfavorable leverage on the denture, but, if 
they are placed in this position, the exact 
restoration of the patient’s profile is im- 
possible. The lips are supported in their 


anteroposterior position by the labial sur- 


faces of the teeth and by the labial sur- 


faces of the gum tissue. Natural anterior 
teeth are usually anterior to their bony sup- 
port, with their roots extending lingually 
into the alveolus. The labial contours of 
‘the artificial teeth and base material should 
duplicate the contours of the natural tissues. 
The disadvantages of unfavorable leverage 
on the anterior teeth can be overcome by 
properly balanced occlusion. 


M. M. DeVan reiterates his statement of 
the objective of partial denture service: 
“Our objective should be the perpetual pres- 
ervation of what remains rather than the 
meticulous restoration of what is missing.” 
He supports this with an excellent analysis 
of the causes of further destruction of the 
mouth tissues. His classification of clasp 
designs into suprabulge and infrabulge de- 
signs has value in determining the type of 
clasp to be used. The reduction of occlusal 
forces and the control of occlusal forces into 
the most favorable direction for the tooth 
support are offered as means for preserving 


what remains. 


Rolland R. Jones discusses the indications 
and contraindications for the use of stress 
breakers on partial dentures. Stress break- 
ers have a definite place in partial denture 
construction, but are not indicated in every 
case. The point is made that occlusal forces 
must be reduced when partial dentures are 
to be successful, and that one way to do 
this is to instruct the patient to use less 


force against them. The sequence in the 
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construction of the appliance he describes 
is good. The stress breaker is efficient in 
relieving the abutment tooth of stress. The 
use of two impressions, one for the metal 
casting, and one for the assembly, is par- 
ticularly interesting. Also, the frenum index 
for determining the location of the lingual 
bar is very good. The attachments to the 
abutment teeth are made so that they will 
not move on the teeth. The 11 gauge spring 
bar might be too small in some cases. 


J. Raymond Gill discusses the planning for 
He says that this 
phase of dental practice has been neglected 


mouth rehabilitation. 


because of a lack of proper emphasis in the 
dental colleges and because dentists too often 
try to evaluate their patient’s economic con- 
dition. In our opinion, the dental colleges 
are no longer guilty of neglecting the con- 
sideration of the mouth as a whole, but are 
placing increasing emphasis on this phase 
of diagnosis. Unfortunately, the dental pro- 
fession has not yet achieved the confidence 
in the importance of its service that it should. 
The dentist should prescribe the treatment 
that is best to correct conditions in the mouth 
on the same basis as the surgeon prescribes 
for his patients. Second-rate dentistry is 
no more successful than second-rate surgery. 


In order to arrive at a sound diagnosis 
and plan of treatment, it is necessary to fol- 
low a logical sequence of observation and 
planning. The procedures which are sug- 
gested for determining the over-all treat- 
ment and for coping with individual problems 
of mouth rehabilitation are good. 


Irving Goldman emphasizes the role of 
dentistry in increasing the life span of the 
functioning dentition. This objective re- 
quires the application of the basic sciences, 
as well as technical skill in mouth rehabili- 
tation. An understanding of oral physiology 
as it relates to the living foundation and to 


the direction and effect of occlusal forces is 
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essential. The aim of the work is the res- 
toration of healthy function. Certain tech- 
nical procedures are suggested which will 
aid in the fulfillment of the objective of 


dentistry in mouth rehabilitation. 


Albert L. Borish urges dentists to have 
the courage to do what is best for their 
patients. Teeth that should be saved should 
not be removed simply because the opera- 
tions necessary for saving them are diffi- 
cult. One of these operations to save teeth 
is splinting. An efficient method for splint- 
ing is described. The adaptation of anterior 
splints to serve as abutments for removable 
partial dentures and the technique for repair 
of segments of a splint are included in the 


article. 


J. F. Chimienti describes a technique for 
fabricating a Fiberglas laminated plastic ve- 
neer crown. The process is simple, and the 
strength of the restoration is materially in- 
creased. The chief advantages seem to be 
in the reduction of the elasticity of the res- 
toration and in the reduction of its linear ex- 


pansion when heated. 
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Lawrence H. Clayman describes the use 
of rotating diamond cutting instruments in 
the preparation of teeth to receive full crown 
restorations. He emphasizes the importance 
of orderly procedures in these preparations. 
The basic principle of eliminating unneces- 
sary movements is followed carefully 
throughout. This, together with the cutting 
efficiency of diamond instruments, reduces 


the time required for preparing the teeth. 


Simon Myerson suggests four procedures 
to follow in order to avoid changes that may 
occur in processing dentures. The increase 
in the vertical dimension of dentures during 
processing has been a major problem of lab- 
oratory procedures. The suggestions include 
the accurate measurement of the material to 
be used, a simple means for forming escape- 
ways for excess material, a modification of 
flasks, and accurate mixing procedures. 
These suggestions should help solve the 
problem because they reduce the pressure 
necessary to close the flask and thus avoid 
the distortion of the interior of the moid. 
Inadequacies of flasks and presses remain as 


a major cause of the difficulty. 


—Carl O. Boucher 












EDITORIAL 


CCORDING to Webster, “Words are articulate sounds or series of sounds 
A which, through conventional association with some fixed meaning, symbolize 
and communicate an idea.” Words make possible the interchange of ideas. 
Spoken words are the symbols which we use to discuss prosthetic problems when 
we have the opportunity to talk together. 


Words on the printed page are symbols of the words which we would use 
if we could talk together. So, words on the printed page (of THE JOURNAL 
oF ProstHETIC DENTISTRY) make possible an interchange of ideas on the prob- 
lems of prosthetic dentistry, even though we cannot talk together about them. 


Spoken words have advantages and disadvantages. Their chief advantages 
are their variation in meaning by inflection and the possibility of further explana- 
tion if they are not understood. Their chief disadvantages are that the ideas they 
express may soon be forgotten and that they may be remembered incorrectly. 


Ideas expressed by printed words may be re-expressed by a simple rereading. 
Printed words overcome the “forgetting curve.” Printed words also permit 
re-examination in the light of further information. 


Printed words require an exactness which is sometimes missing in the use 
of spoken words. They should be as simple a set of symbols as is possible in 
order to express the idea clearly. The use of too many words, too many symbols, 
loses the idea in the maze of symbols. Words should be used with a uniform 
meaning. Symbols that mean one thing to one person and another thing to 
another person are useless. 


THE JOURNAL OF ProstHETIC DENTISTRY provides a medium for the inter- 
change of ideas on prosthetic dentistry by means of printed words. The JouRNAL 
provides a permanent record of these ideas. The readers of the words in the 
JourRNAL are also the writers of the words. The ideas of the readers will be lost 
if they are not expressed by words in the JouRNAL. 


—Carl O. Boucher 





GUEST EDITORIAL 


ORLD peace and harmony are the aim of many groups and many nations. 

In all sections of the earth we find conflict, some between men in combat, 
some between ideologies, and some between minds at conference tables. In most 
cases we find a spirit of optimism and confidence that the beliefs of men of good 
will are showing progress, however so slowly, and that the ultimate high ideals 
will someday be realized. This demonstrates that accord can be reached and for 
the benefit of all concerned when the spirit is present and the goal is worth while. 


THE JOURNAL OF ProstHETIC Dentistry is celebrating its first anniversary. 
I look back only two years to the time when the word spread around that three 
different prosthetic groups, with only a few overlapping memberships, but with 
a common interest and desire to preserve and disseminate worth-while informa- 
tion, were concurrently discussing publication of papers presented at their respec- 
tive meetings. By some sort of mental agglutination, representatives of these 
three groups found themselves unofficially gathered in a discussion of merging 
the talent and efforts of the three groups in a prosthetic journal project. Thus, 
in February, 1949, in Chicago, our JoURNAL was conceived. There were some 
who doubted that harmony and accord could be reached. Some felt that personal 
or even group problems would prevent the birth of the JourNaL. Since the first 
official meeting of the three original groups with representatives of The C. V. 
Mosby Company in May of 1950, and since the addition of a fourth group early 
in 1951, it has been my privilege to serve as a member of the Editorial Council, 
most of that time as its chairman. When I considered what each group stands 
for, when I knew the personnel of the committees appointed to organize the 
JouRNAL, when I knew the representatives of the publishers, and finally when 
the selection of editor, associate editors, and other councillors was completed 
and when cordial agreement was reached with the publishers, then I knew, that 
if world problems could be solved by mutual agreement, even if parties were 
of different background, environment, and belief, then THE JouRNAL OF PRros- 
THETIC DENTISTRY was certain to grow and prosper, all its participants having 
a common goal. 


On this anniversary, let us be proud of our achievement, however humble 
each individual may be. Let us be proud that we have been successful in ful- 
filling our aims and have reached an important position in the professional litera- 
ture of our day. 


—Louis S. Block 





THERE IS NO USABLE VERTICAL OPENING AXIS IN THE 
MANDIBLE 


GrorcE Woop Crapp, D.D.S. 
New York, N. Y. 


HIS paper suggests (1) that we reconsider the way in which we often think 
and speak about the mechanics of the straight opening movement of the 
mandible and (2) that we re-examine the musculature of that movement. 


THE STRAIGHT OPENING MOVEMENT 


The straight opening movement is the simplest extended movement of the 
mandible, partly because it is in a straight line. In this movement, under normal 
conditions, both condyles act alike. Study of one side will do for both sides. 

We concentrate our attention on the condyles. We often think and speak 
of them as axes of rotation. Some of our technique is based on them as such 
axes. 

In a study of this sort, it is helpful if those who write and those who read 
can have the same meanings for each of the technical words. The word “axis” 
is to be very important. Let us get its original meaning and, if possible, accept 
that meaning for the period of this study. 

Many hundreds of years ago, man developed the wheel and with it the 
axle, the stationary center around which the wheel rotated. Later, science 
recognized that the axle might be merely a line and not visible. Out of this 
new perception was born the word “axis.” It means a stationary structure or 
line around which something rotates. Then it was recognized that the particular 
axis being studied was sometimes part of a bigger mechanism and, as such a 
part, might itself be rotated about another axis. We shall use these facts in our 
study of mandibular and condyle movements to show that the condyles are not 
axes of rotation for the mandible in the straight opening movement. 

Nearly 500 years ago, the word “axis” was applied to one bone in the 
human body, and, until we began to think and talk of the condyles as axes, it is 
not known to have been applied to any other body structure. 

The body structure named “the axis” was the second cervical vertebra (Fig. 
1). The axis with the atlas in position to rotate around it is shown in Fig. 
2. There is no other structure in the body in which one bone is stationary and 
another bone rotates around it in this way. 


MANDIBULAR MOVEMENTS 


Norman Bennett, of England, began what seemed to be the most practically 
constructive analytical study of mandibular movements during the first years 
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of this century. The information he gained was sound, but Bennett’s method 
did not make any practicable application possible. 

Gysi checked Bennett’s methods with great care. He found the informa- 
tion important and devised a way of registering the movements in such a way as 
to make the information immediately practicable. He had lost some of the lower 
posterior teeth on both sides of the mouth. There were strong natural teeth in 


Fig. 1. 


Fig. 1.—The vertical portion of the second cervical vertebra is the only known bony 
axis in the body. (After Sobotta: Atlas of Human Anatomy, by permission of Stechert-Hafner, 
Inc.) 

Fig. 2.—The atlas in position to rotate around the axis. (After Sobotta: Atlas of Human 
Anatomy, by permission of Stechert-Hafner, Inc.) 
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front of and behind both gaps. He made a device, locked it firmly in place with 
bands around four abutments, extended stiff wires to the condyle heads and the 
symphysis, and made direct recordings of the mandibular movements. He divided 
all the paths into “‘stations,” locations on each path at the same stage of movement. 

These studies were important because there was then no practicable articu- 
lator capable of even approximately reproducing natural mandibular movements. 
The information Gysi gained made it possible for him to produce the first usable 
articulator which could reproduce approximately individual mandibular move- 
ments. 

Gysi, with the appliance for registering the vertical opening movements of 
the condyle and of the point of the chin, is shown in Fig. 3. 

I had the good fortune to be Gysi’s first American pupil at Zurich in 1912. 
He gave me the following records of jaw movements, told me their story, and 
I published them in the book Prosthetic Articulation in 1914. 


Fig. 3.—Gysi’s device for registering vertical opening movements at the 
condyles and other points as desired. 

The paths were subdivided into “stations” to record different locations at 
one time. As Professor of Prosthetic Dentistry at the University of Zurich, 
Gysi made critical analyses of the mandibular movements of more than 400 
patients. He considered the record in Fig. 4 to be a perfect average. 

His first reaction to these mandibular movement records was that they 
could not be produced from one center; they were too unlike and too irregular. 
Note, for illustration, the movements at the condyle and at the angle of the jaw. 

Furthermore, the anatomic construction of the mandible is against the 
condyles as original centers of rotation. The condyles are integral parts of 
the mandible. No movement originates in them. They have no independence 
of movement. They go where they are pulled and stay there until they are 
pulled again. As we shall see, there is no muscle attached to the front of the 
condyles in such a way as to make possible a pull straight forward. 
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Please note the characters of the opening movements out of the various loca- 
tions in Fig. 5, A, in the condyle, B, a little below and behind the condyle, C, 
directly below the condyle, on the level of the occlusal plane. 








Fig. 5—Opening movements traced from three arbitrarily established 
and immovable axes. 


When the rotation center is in the condyle A, the condyle does not leave 
the fossa during mandibular opening. The opening movement of the mandible 
is downward and rapidly backward, as shown by the arcs marked A at the 
incisors and at the angle of the jaw. This throws the mandible quickly backward 
against the front of the neck. 
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When the rotation center is at B, vertically halfway between the condyle 
and the occlusal plane, the condyle moves forward in the heavy black are drawn 
across the condyle. The path of the incisor point is more nearly vertical than 
in A. When the rotation axis is at C on the level of the occlusal plane, the con- 
dyle moves forward in an arc that would practically eliminate the eminence, 
and the path of the incisors is practically vertical. The regularity of these in- 
cisor arcs shows that they are arcs out of fixed centers. We may well keep 
this in mind. These arcs are basically different from the irregular paths we saw 
in Fig. 4.* 
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Fig. 6.—The axes of rotation can be located only by drawing radii from similarly 
numbered sections of two paths so that the radii cross. 


Let us analyze the natural opening paths of the two most widely separated 
points on the mandible, the condyle path and the path of the point of the chin 
_(the gnathion ), as seen in Fig. 6. 

Gysi divided these paths into five stations. The number 2 in any path 
means that the mandible was at station 2 on all paths. The axis for the 2-3 
segment of the path of the mandible can be located only by erecting radii at 
right angles to two or more different 2-3 paths in such a way that the radii cross 
each other. By so doing, the axis of the two movements can be located. As we 
have seen, the axis can be purely geometric and need have no physical structure. 
It can be merely a meeting place of forces. 

The rotation axis for the 2-3 segment in this patient is plainly shown. It 
is far below and behind the entire mandible. The only rotation axis that falls 


*Gysi told me he found about one patient in 100 with rotation axes at the levels of 
A and C. 
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Me : 
VERTICAL EXTENSION 
OF EXTERNAL PTERYGOID 
MUSCLE ON THE OUTER 
PTERYGOID PLATE 


- 


UPPER HEAD~ ee 
LOWER HEAD’ ie 


EXTERNAL PTERYGOID F 
' MUSCLE SHAPIRO 


Fig. 7.—Buccal view of an external pterygoid muscle. (After Shapiro: Applied Anatomy of 
the Head and Neck, by permission of J. B. Lippincott Company, Publishers.) 


EXTERNAL PTERYGOID MUSCLE 
' 


SHAP/RO 


Fig. 8.—The external pterygoid muscle from the posterior view. (After Shapiro: Applied 
Anatomy of the Head and Neck, by permission of J. B. Lippincott Company, Publishers.) 
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within the borders of the mandible is that for the 4-5 segment, the path of ex- 
treme opening. As the teeth passed entirely out of contact soon after crossing 
station 2, this axis is of no operative importance. 

None of these paths is a smooth are of a circle. All these paths are the 
records of the pulls of the more than twenty muscles that are important in verti- 
cal mandibular movements. 


THE EXTERNAL PTERYGOID MUSCLE 


I was brought up to think that the external pterygoid muscles are responsible 
for the straight opening movement of the mandible. As you well know, these 
muscles arise on the sphenoid bone and the pterygoid plate and are inserted 
into the capsules covering the temporomandibular joints and into the condyles. 
Let us review these facts by studying illustrations of the anatomy involved. 


EAIERNAL PTERYGOIDS 








Fig. 9.—The external pterygoid muscles from below. (After Shapiro: Applied Anatomy of 
the Head and Neck, by permission of J. B. Lippincott Company, Publishers.) 


Fig. 7 shows only the upward direction of the external pterygoid muscle. 
The average inclination is about 30 degrees upward in relation to the occlusal 
plane. The internal pterygoid muscle has been cut away to permit a_ better 
view of the external pterygoid muscle in Fig. 8. Please note that the insertion 
of the external pterygoid muscle into the capsule is not directly in front of the 
condyle, causing a straight forward pull. It is strongly on the medial side, re- 
sulting in an angular pull. The long axes of the external pterygoid muscles 
seem to be almost at right angles to each other at the median line when seen 
from below, as in Fig. 9. 
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In Fig. 10, the capsule has been cut away, and the area of attachment of the 
external pterygoid muscle to the condyle is shown. It is entirely lingual to the 
median line of the condyle head. It is not attached for a straight forward pull. 

Let us remember that a muscle can pull only in the direction of the long 
diameter of its fibers, not across that diameter. In Fig. 11, a black base line 
was drawn across the centers of both glenoid fossae at right angles to the median 
line of the maxilla. Then a line was drawn through the center of each body of 
the external pterygoid muscle, and its angulation to the base line was measured. 


CAPSULAR LIGAMENT (cur? 
| ARTICULAR DISC 
_ HEAD OF CONDYLE 


, Me yh lh M Ih l = 


capsular " WG Le 
LIGAMENT & “4 Vt ATTACHED TO 
(cut) YY eens pisc [EXTEANAL 


\ 
. sens PTERYGOID 


ATTACHED 10 NECK 
OF CONDYLE 


Fig. 10.—The attachment of the external pterygoid muscle to the condyle. (After Shapiro: 
Applied Anatomy of the Head and Neck, by permission of J. B. Lippincott Company, Publishers.) 


As the black lines of angulation show, the center of the posterior body of the 
muscle is inclined about 30 degrees forward and inward irom the base line. The 
angle of this body meets the angle of the similar body of the opposite external 
pterygoid muscle at the posterior nasal spine, at the back of the hard palate, 
in the median line. A similar line drawn through the center of the anterior 
body of the external pterygoid muscle is inclined forward and inward at 50 de- 
grees to the base line. It meets the line of the similar body of the opposite 
external pterygoid muscle at the median line, just back of the incisive foramen. 
The average of the inclinations of the two bodies of the two external pterygoid 
muscles on each side is 40 degrees to the base line. 
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Let us think for a moment about how the pull of these muscles is exerted. 
The closure of the teeth into centric occlusion stretches and tenses both bodies 
of both external pterygoid muscles by the retruded position of the condyles in 
the fossae. When the tension is released, these muscles may help to bring the 
condyles forward to the rest position. These muscles cause the lateral move- 


ments of the mandible during mastication. The validity of these beliefs is shown 
by the fact that when both condyles are surgically removed so that the external 
pterygoid muscles cannot act, the patient cannot slide the mandible forward, 
with the upper and lower teeth in contact, nor move the mandible laterally. 

The external pterygoid muscles have only a stabilizing influence on the 
straight opening movement of the mandible. When both condyles are removed 


and these muscles cannot act, the straight opening movement is not affected. 


Fig. 11.—The angulation of the external pterygoid muscles. 


THE INFRAMANDIBULAR MUSCLES 


There are two groups of inframandibular muscles, the infrahyoid group 
and the suprahyoid group. There are four pairs of muscles in each group. They 
are located in the front of the neck. 

Of the infrahyoid muscles, the sternohyoid and the omohyoid muscles arise 
from the sternum or scapula and insert directly to the hyoid bone. The sterno- 
thyroid muscle arises from the sternum and inserts directly to the thyroid car- 
tilage, and the thyrohyoid muscle also attaches to the hyoid bone. 

All these muscles are small, as compared with the closing muscles of the 
mandible, since they are designed for rapid and sometimes long-continued action. 
In many people, they are probably used from 25,000 to 50,000 times a day. 
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Let us glance at one of the functions of the infrahyoid group of muscles, then 
study some functions of the suprahyoid group, and then return to other func- 
tions of the infrahyoid group (Fig. 12). 

What we may, for our study, call “a first function of the infrahyoids” is 
that, by a sort of self-stiffening or hardening, they stabilize the hyoid bone as a 
base for the contraction of the suprahyoid muscles; this makes possible several 
; important functions of the mandible. The first of these is the maintenance of 
the rest position of the mandible. 
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Fig. 12.—The infrahyoid muscles from the front: the sternohyoid, omohyoid, sternothy- 
roid, and thyrohyoid muscles. (After Sobotta: Atlas of Human Anatomy, by permission of 
Stechert-Hafner, Inc.) 
















THE REST POSITION OF THE MANDIBLE 





Centric occlusion of the upper and lower teeth is a strain position. It is 
brought about by the contraction of what we may call “the closing muscles,” 
namely the temporal, masseter, and internal pterygoid muscles. This closure 
distends the suprahyoid muscles so that they pull against the occluding posi- 
tion as long as it exists. When the closing muscles relax, the suprahyoid muscles 
pull the mandible downward until they also are relaxed. This is the rest po- 
sition. 

Except for holding the hyoid bone steady as a base for the contraction of 
the suprahyoid muscles, the infrahyoid muscles do not seem to move during 
the pulling of the mandible from occlusion to rest. This action occurs thousands 
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of times a day. The rest position is, therefore, a muscle position. It is a bal- 
anced position between a wide open mouth position and occlusion. It is a posi- 
tion in which both the closing muscles and the inframandibular muscles are re- 
laxed. This is why Thompson told us it is born into us. It will finally force 
the teeth to accommodate themselves to it by positioning, wear, or destruction. 
It cannot accommodate itself to the teeth. 


OTHER FUNCTIONS OF THE SUPRAHYOID MUSCLES 


When we open the mouth only enough to speak in a moderate voice, when 
we take a small bite of food, when we chew a small morsel or held a cigarette 
with the teeth, the mandible is pulled downward from the rest position by the 
suprahyoid muscles, acting from the hyoid bone which is stabilized as a base 
by the infrahyoid muscles. 





y BONE 4 = SoBorra 


Fig. 13.—The suprahyoid muscles from above. (After Sobotta: Atlas of Human 
Anatomy, by permission of Stechert-Hafner, Inc.) 


When we swallow, the infrahyoid muscles relax; the suprahyoid muscles 
contract from above and pull the floor of the mouth and the hyoid bone upward 
to start the bolus of food backward toward the throat. In this movement the 
hyoid bone is sometimes pulled up a surprising distance. When we open the 
mouth all the way, the suprahyoid muscles pull the mandible down until the 
muscles are completely contracted and thus hold the mandible close to the hyoid 
bone. There their function stops. 


The suprahyoid muscles are seen from above in Fig. 13 and from below in 


Fig. 14. 








: a J. Pros. Den. 
CLAPF March, 1952 


THE INFRAHYOID MUSCLES TAKE PART 


When the suprahyoid muscles have pulled the mandible as close to the 
hyoid bone as they can pull it, the infrahyoid muscles enter the picture. They 
contract and pull the hyoid bone, the thyroid cartilage, and the mandible as far 
down as movement is possible. Sometimes the thyroid cartilage is pulled so 
far down that its upper anterior point is almost down to the clavicular notch. 
No other muscles are capable of this. 


A REVELATION 


About two years ago, Dr. Sidney E. Riesner, a research worker, showed 
me what was then a new kind of picture. It was a ciné-fluoroscope. By means 
of it, we looked inside the heads of living people and saw the masticatory mecha- 
nism in action. The picture showed that I had been blind for forty years in 
believing that the external pterygoid muscles were the’ ones that established 
and maintained the rest position and opened the mouth a little or widely. One 
look at the movements of the inframandibular muscles and of the hyoid bone 
as it was moved about disillusioned me forever.* 
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Fig. 14.—The suprahyoid muscles from below. (After Sobotta: Atlas of Human Anatomy, 
by permission of Stechert-Hafner, Jvc.) 


Unfortunately that film cannot be reproduced here, but you who are reading 
can test for yourself, as you read, the statements that have been made. You 
need only to put a finger on the hyoid bone, which, in the rest position, will 
probably be a little above the thyroid cartilage. 

If you close the teeth into centric occlusion, your finger will feel a slight 
movement of the suprahyoid muscles, which include the muscles of the floor 
of the mouth, but little or no movement of the hyoid bone. During the return 
of the mandible to rest position, there will be little or no movement of the 
hyoid bone or the thyroid cartilage if you do not exaggerate the movement. 


*During the process of eating the hyoid bone is taken through an astonishing frequency 
and range of movement. 
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If you speak in an ordinary conversational voice, there will be practically 
no movement of the hyoid bone. If you take a small bite of food, you will feel 
little or no movement of the hyoid bone. 

Now you can go further and open the mouth all the way. If you start from 
occlusion and open it slowly, you will feel that, for the first section of the mandibular 
movement, the hyoid bone will not move. When the opening movement passes 
the rest position, the bone will be pulled down until it seems to rest on top of 


the thyroid cartilage. Then bone and cartilage will be pulled all the way down. 

In this movement you relaxed only the muscles that close the mandible 
into centric occlusion. You did not relax the muscles at the back of the neck, 
so the head did not move. If, now, you hold the teeth in centric occlusion and 
relax the muscles at the back of the neck, the head will be pulled forward and 
downward. The pulling action was the same for mandible and head. The 
difference was in the muscles you relaxed. 

The inframandibular muscles activate the straight opening movement. The 
external pterygoid muscles do not. All the axes for this movement, except the 
one for extreme opening, are located outside the mandible. 


220 W. 42np St. 
New York, N. Y. 













CENTRIC RELATION 


ERNEST R. Grancer, D.D.S. 
Mt. Vernon, N. Y. 


OR the past 100 years, more or less, dentistry has tried by and large to deal 

with the full denture problem as though it were largely a matter of impressions. 
While there have been a few outstanding attempts to analyze the functional 
problems, as far as the mass of dentists is concerned impression techniques have 
always been the central theme. Witness the popular cry: “Give me a good 
impression technique and all my problems will be solved.” 
































As a result, we have developed all sorts of impressions, each with its advo- 
cates who claim it to be the last word in denture satisfaction. Yet some are 
so contradictory that by this time it should be apparent to everyone that the 
impression plays but an insignificant role in the success of full dentures. In- 
deed, one might go so far as to say that the most serious consideration in full 
denture impressions is to be sure that they do not do more harm than good. Since 
grossly contradictory impression techniques frequently produce comparable re- 
sults, what are the common denominators of success or failure? In the final 
analysis the success of most dentures will depend upon the ability of the patient 
to chew. Esthetics notwithstanding, the patient will praise or condemn _ his 
dentures on the basis of how well he can chew. This is a functional problem. 


Since the beginning of time, the functional problem in full denture pros- 
thesis has been surrounded by a completely unwarranted amount of mystery, 
most of it smacking more of witchcraft than of a learned scientific profession. 
This is particularly true of centric relation, in spite of the volumes written about 
it which have appeared in the literature in recent years. In two respects is this 
most apparent: first, in the lack of a clear, precise understanding of what centric 
relation is and, second, in its practical significance and application in the field of 
dental treatment. It is of importance not only to full denture prosthetics, but 
to the whole problem of creating and maintaining a healthy, functioning mouth. 
Note how often we hear that expression “a healthy, functioning mouth.” Is there 
any doubt that health and function are related? 


Here we are concerned with the prosthetic aspect of this problem. Regard- 
less of our beliefs with respect to cusps, articulators, materials, methods, or what 
have you, there is no single factor in all dentistry equal in importance to centric 
relation. It is not a question of instruments or methods. It is a problem of 
understanding and using the knowledge by whatever method proves expedient. 


Read before the Ohio State Dental Association meeting at Cincinnati, Ohio, Nov. 28, 1950. 
Received for publication Dec. 13, 1951. 
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Centric relation is the terminal skull-to-mandible relation. Centric occlusion 
is a tooth-to-tooth relation. When the two coincide, the patient is said to be “in 
centric.” When they do not conform to each other, the patient is said to be “out of 
centric” or to have an abnormal eccentric relation. But the patient rarely, if ever, 
chews in centric relation, so how does it enter into the functional problem and into 


his ability to chew? If he does not chew in centric relation, why worry about it? 


THE TEMPOROMANDIBULAR JOINT 


Centric relation is concerned with the temporomandibular joint, and here 
originates the aura of unwarranted mystery surrounding this whole problem. 

From a purely functional standpoint, each temporomandibular joint consists 
of not one, but two, joints, the joint between the condyle and the meniscus and 
the joint between the meniscus and the glenoid fossa. The joint between the 
condyle and the meniscus, within any functioning range of the teeth, is a pure 
ball-and-socket joint, comparable to any other ball-and-socket joint in the body. 
It is capable of rotational movements in a vertical or horizontal plane. Lateral 
movements of the mandible are accomplished by sliding the ball-and-socket joint 
as a unit on the glenoid fossa. In use, these two movements always occur simul- 
taneously. As the rotational movements are occurring in the ball and socket, 
the whole ball-and-socket assembly is gliding on the glenoid fossa, but at any 
point in the gliding motion, the ball and socket may describe any of the rotational 
movements of which it is capable. Furthermore, one joint may describe the glid- 
ing and rotational movements while the other is undergoing only rotational 
movements, or both joints may simultaneously undergo both sliding and _ ro- 
tational movements, leading to a bewildering array of apparently aimless mo- 
tions. To further complicate matters, while these rotational and sliding motions 
are taking place, the mandible with its two ball-and-socket joints is shifting 
bodily to one side or the other. Small wonder that at first glance it appears as 
a hopelessly complex problem. | 


THE CENTER OF ROTATION 


In each of these rotary movements of the condyle upon the meniscus, as with 
all ball-and-socket joints, the condyle rotates about an axis. The only difference 
between it and any other ball-and-socket joint is that the whole ball and socket 
may be moved to another position, buf the axial relation within the ball and 
socket remains the same regardless of its position on the glenoid fossa. In pure 
vertical motion it revolves about a horizontal axis; in pure horizontal rotation 
it revolves about a vertical axis. In any intermediate rotation it revolves about 
an axis at right angles to the plane of rotation. All of these axes meet at a 
point within the condyle. This is the mysterious center of rotation. When 
these points in the two condyles are connected by an imaginary line, it forms 
the hinge axis. Although all the rotary movements of the condyle take place 
around the same center, failure to recognize this. has led to a. terminology 
based on the idea that the center of rotation is different in horizontal rotation 
(lateral excursion) than in vertical opening. As a result the expression center 
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of rotation has been used to designate lateral excursion on the working bite, while 
hinge axis has denoted the opening axis. These are misnomers, as they both 
originate from the same center. To be correct we should refer to all rotational 
movements as related to the center of rotation. 

Many years ago it was popular to say that the center of rotation was not 
located within the condyles and was not reproducible on an articulator. What 
we should have said is that the center of rotation is not a fixed point with 
relation to the glenoid fossa. As the condyle is rotating, it is also moving bodily 
across the glenoid fossa, and so, as the condyle is rotating in lateral excursion, 
the center of rotation is sliding across the glenoid fossa. Since the condyle usually 
describes an arc while it is sliding, it gave rise to the myth that the center of rota- 
tion is located at some imaginary point behind or between the condyles. The 
lateral path of the center of rotation across the glenoid fossa is the Bennett move- 
ment. 

As we pointed out previously, the axes of each condyle meet at a point 
within the condyle. If we connect these points in the two condyles with an 
imaginary line, it becomes the hinge axis, about which vertical rotational move- 
ments take place. Since the hinge axis is located within the condyle, dur- 
ing any bodily movements of the mandible the hinge axis moves right along 
with it, the same as the vertical axis (center of rotation). If the mandible 
is protruded by moving the meniscus upon the glenoid fossa, the hinge axis of 
the condyle remains in the same relation to the meniscus, but not in the same 
relation to the fossa, and rotary movements still take place around the same hinge 
axis. So the hinge axis is said to be constant to the mandible. 


CENTRIC RELATION 


There is however, one, and only one, position in which the hinge axis is 
constant to both the mandible and maxilla. Since the hinge axis is established 
by the point in each condyle where the horizontal axis and vertical center of 
rotation meet, the center of rotation in this position is also constant to both the 
mandible and maxilla. This is centric relation. It is not a fixed position of the 
mandible. It is that position where the mandible is opening and closing with pure 
rotary movements in a vertical plane, revolving around the hinge axis, which 
is in fixed relation to both the mandible and maxilla. 

The only position of the mandible in which pure rotary movement, not ac- 
companied by gliding of the meniscus upon the fossa, can occur is that in which 
the meniscus is in the trough of the fossa, in the most retruded position to which 
it can be carried by the patient’s own muscular force. Since in the pure 
hinge movement the center of rotation must be constant to the maxilla, each 
condyle and meniscus must be in the respective trough of its fossa. 

Centric relation, then, is the terminal hinge position of the mandible, in 
which the hinge axis is constant to both the mandible and maxilla. The hinge 
axis is that line through the condyles, constant to the mandible, which determines 
the arc of closure upon which the teeth meet in every contacting position of the 
mandible. 
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The object of an articulator mounting is to establish on a mechanical instru- 
ment the same relation of the teeth to the axis of the instrument that the teeth 
in the mouth have to the axial center of the condyle. To simply take a bite 
relationship in one position of the mandible and mount a set of casts on an 
articulator without relating them to the axis of that instrument is completely 
worthless. It means that restorations so constructed cannot meet in the mouth 
in any position except the static position in which the bite was taken. It is not 
one bit better than mounting them on a simple plane-line articulator. 


The axis of the condyles determines the arc of closure upon which the teeth 
meet in every contacting position of the teeth. The object of a centric mounting 
is to establish the relationship of the teeth to the axis in the terminal position 
of the condyles, the position in which the chewing stroke ends. Since the axis 
is constant to the mandibular teeth in every eccentric position and constant to 
both the mandibular and maxillary teeth only in centric relation, the axial rela- 
tions of the teeth will be correct in every masticating position. If the axial rela- 
tions of the teeth are not correct, then obviously none of the other relations which 
comprise the entire synergy of mandibular movement can be correct. 


Regardless of what method may be used to take a so-called centric check 
bite, any method which merely establishes the relation of teeth to each other is 
of no value as an aid in reproducing on an articulator the functional relations 
of teeth in the mouth. The usual definition of centric relation as the most re- 
truded position of the mandible from which lateral motion can take place is in- 
adequate because it fails to consider the axial relationship, which is the only 
reason for the importance of centric relation. Any given point on the surface 
of the head of the condyle does not remain in fixed relation to the meniscus. In 
every position of the condyle, however, the hinge axis does remain in the same 
relation to the meniscus. The only position in which it is possible to locate and 
reproduce the hinge axis is centric relation. If, therefore, we locate and repro- 
duce the hinge axis in the most retruded position of the condyles and repro- 
duce it in the restoration, the restoration will meet in correct rotational relation- 
ship in every position of the mandible, since the hinge axis is constant to the 


meniscus in every position. 


THE GOTHIC ARCH 


In the light of this knowledge, there are several reasons why the apex of the 
Gothic arch is not a reliable guide to centric relation. First and foremost is the 
fact that centric relation is a vertical rotational relationship, whereas the Gothic 
arch is merely a position on a horizontal plane. Equally important is the fact 
that centric relation is an extremely precise relationship, but the so-called apex 
of the Gothic arch usually does not exist. In almost every case, if the Gothic 
arch tracing be made with real care, it will be found that instead of an apex 
the two lines meet on a small arc so that the apex presents a rounded appear- 
ance instead of a sharp angle. 

Consideration of the established facts about mandibular movements shows us 
that this would have to be true. As the condyle is rotating in lateral excursion 
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of the mandible, the center of rotation is sliding across the trough of the fossa, 
in the Bennett movement. This combination of rotating and sliding sideways 
makes it impossible for the mandible to produce an apex at a point where the 
two lines meet. To trace an apex, the mandible would have to make a pure rota- 
tion about a fixed point on the fossa. This is extremely rare. Clinical experi- 
ence bears this out. In a series of 300 cases, the Gothic arch tracer was attached 
rigidly to the mandible; a sharp point to scribe on the metal plate was rigidly 
fixed to the maxilla. It was shown that rarely does the Gothic arch present a 
sharp apex. It does, however, have one value. It can be used to trace the move- 
ment of the center of rotation across the fossa in lateral excursion. In order to 
do that accurately, it is necessary to have two Gothic arch tracings, one on each 
side of the mandible. By following the path of the tracer on the two lines thus 
scribed, the point (center of rotation) which scribed them can be located and 
its path across the fossa reproduced. 


THE CLOSING MOVEMENT 


Earlier in this paper we pointed out the fact that the patient does not chew 
in centric relation. In mastication the axis is constantly moving, but this 
moving axis within the condyles is fixed in relation to each meniscus (the socket 
of the ball and socket) in every position of the mandible since they move as 
a unit; therefore it determines the arc upon which the teeth meet in every 
contacting position of the teeth. So, although the patient does not chew in 
centric relation, the rotational relationship of the condyle to the meniscus re- 
mains the same in every masticating position. We might compare this to a 
typical ball bearing. As the bearing is turning, the outer ring and inner ring, 
which together comprise the race, are turning in opposite directions to each other. 
The balls are rotating with respect to the race. Yet, in all this motion, the axial 
center of the ball remains in constant relation to the walls of the race. In the 
same fashion, the axis of the condyle remains in a constant relationship to the 
_ meniscus. This, however, is not centric relation since this relationship holds 
in every contacting position of the teeth, whereas centric relation is only one 
position of the axis, the terminal hinge position. This point should be clear, 
as many have made the error of saying that the hinge axis is centric relation. 
Centric relation is only one position of the hinge axis. Wherever the mandible 
goes, the hinge axis goes right along with it and is still the center of motion in 
every position. 

The mandible is never symmetrical, so the hinge axis would never be 
at right angles to the sagittal plane, either vertically or horizontally. So, of 
course, the mandible would never open parallel to the sagittal plane. That 
fact was recognized many years ago by Snow, Gritman, Hanau, and McCol- 
lum, to mention but a few, in their face-bow mountings. One of the important 
reasons for a face-bow mounting has always been to establish this relationship 
on the articulator. Since the vertical movements take place around the hinge 
axis, an anatomically correct mounting would automatically establish this devia- 
tion as a component of the closing movement in any position of the mandible. 
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This deviation is entirely different from the Bennett movement. The closing 
component takes place entirely within the ball-and-socket part of the joint, by 
rotation of the condyle on the meniscus. The Bennett movement is a lateral 
movement of the condyle and meniscus as a unit across the glenoid fossa. 

The precise location of the: hinge axis is obtained by means of an axis 
bow attached to the mandibular teeth or clamped to the edentulous ridge. It 
is similar in form to a conventional face-bow except that the side arms are ad- 
justable horizontally and vertically and carry pointed styluses located outside 
the condyles. The hinge bow is attached, and the patient is coached to open 
and close the mouth with a pure hinge movement. Most people will readily 
perform this after a few minutes’ practice. Now, as the lower jaw is dropped 
open and closed, the stylus is adjusted until a point is located outside the con- 
dyle where the point of the stylus remains stationary as the mouth opens and 
closes. This is carried out on both sides simultaneously, and the points so located 
are transferred to the skin. We have now located two points on a line which, 
when connected, form the hinge axis of the mandible. These two points are 
now used to make a conventional face-bow transfer so that the orientation of the 
casts on the articulator will be in the same relation to its axis. With a little 
practice, the actual procedure can be carried out in a few minutes’ time, and the 
axis can be located with extreme precision to establish the contacting relations 
of the teeth. The vertical axis in each condyle (center of rotation), which at its 
intersection with the hinge axis determines the axial center of the condyle, is 


located by making two simultaneous Gothic arch tracings on each side of the 
median line. It is necessary to make two in order to find the common center 
which could trace both of them simultaneously as it is moving across the fossa. 
The sides of the Gothic arches will be parabolic because they are traced by a 


moving center. 


ARTICULATOR MOUNTING 


So an anatomically correct articulator mounting involves two considerations. 
The teeth must bear the same relation to the axis of the instrument that they 
do to the axis in the mouth, and this relationship must be established in the most 
retruded position of the mandible, i.e., the terminal hinge position. If they fail 
to meet either one of these requirements, they cannot function properly in the 
mouth. 

In various attempts to reproduce on an articulator the functional relations 
of the teeth, dentists have placed entirely too much stress on the condyle paths, 
the anterior articulator guidance, and similar factors, ignoring the fact that all 
these depend upon proper axial relations. In fact, the majority of thinking 
has been along such lines. But the patient does not use the condyle path on 
the working side in mastication. That does not mean that these factors are 
unimportant, or that we can ignore them. They are all part of the whole 
functional arrangement of cusps, but they enter into the problem only to the 
extent that they influence the path of the Bennett movement. Mastication is 
carried out almost wholly with the Bennett movement. 
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To get a clear picture of the real importance of axial relations and the func- 
tional considerations involved in the restoration of the teeth, it is first necessary 
to understand just how a human being does chew. Since, as we have stressed 
repeatedly, the patient cannot chew in centric relation, why is it so essential 
that we establish jaw relationships in this position of the mandible? For a mo- 
ment, let us look at this whole broad subject of functional relations of the teeth 
in the mouth when they are called upon to meet the stresses for which they were 
developed. 


FUNCTIONAL RELATIONS OF TEETH 


I wish that we had time to consider all the eccentric dyscrasias that do present 
themselves in the mouth. Jn the fields of orthodontia, periodontia, and pros- 
thodontia they are most apparent, as a basic factor in success or failure of the 
treatment. We are concerned with the prosthetic phases of this problem. Here 
both the diagnosis and treatment are relatively easy, and here we can see the 
most spectacular results by the immediate improvement. Most of the troubles 
which people encounter with artificial dentures are traceable to failure to main- 
tain axial relation properly. The instability, discomfort, rapid shrinkage, inability 
to chew, and lack of so-called ‘“‘suction” which we usually blame on the impres- 
sions or the laboratory are in reality manifestations of an eccentric relation. The 
drifting and rapid loss of abutments in a partial denture prosthesis are frequently 
part of the same problem. ‘ Unfortunately, a woefully large percentage of present- 
day restorations fail to restore. 

The past couple of years has witnessed a tremendous increase of interest in 
this problem, but the interest has brought with it a great deal of confused think- 
ing. We hear so much irrational talk about functional centric relation, acquired 
centric relation, habitual centric relation, and similar misnomers. None of these 
is centric relation. If they were, then by their very nature there is no such 
thing as centric relation, and it loses all meaning. There are, unfortunately, all 
sorts of acquired or functional eccentric relations. That is what causes all the 
trouble. 

Much of this confusion has undoubtedly arisen from lack of understanding 
of mandibular movement in mastication. The mouth does not move in the same 
way wh&p_it is subjected to the muscular force required to force teeth through 
a bolus of food that it does when it is moving freely without resistance and with 
little muscular force. This is not because the patient chews in centric relation. 
Most people rarely open and close their mouths in centric relation, but whether 
they do or not is of little consequence. That is not the reason for the importance 
of centric relation. Every dentist knows that the patient can and does close 
repeatedly in any eccentric relation to which he happens te have become habituated. 
When food is introduced into the mouth preparatory to chewing, the habitual 
centric relation is the place where the patient closes. That is what has led to 
so many erroneous conclusions about functional centric relations. 

In a series of 3,000 face-bow mountings, not a single patient closed in either 
centric relation or centric occlusion when he bit into the bite fork. Similarly. 
when the centric relation registration was made by having the patient close on 
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either occlusion rims or sheet wax, not a single one closed in centric relation. The 
vast majority closed in a lateral protrusive position, a few in a straight pro- 
trusive position. Small wonder then that the casual observer would say that that 
is some kind of a functional centric relation. Examinations of all these so-called 
functional centric relations disclose that, almost without exception, they are in 
a lateral protrusive position. The reason for this phenomenon is really quite 
simple. When the dentist “takes the bite,” the patient is not chewing on a bolus 
of food. As wax or any other medium is introduced into the mouth for the pa- 
tient to bite, he does exactly the same thing that he has instinctively done all his 
life when anything is introduced into the mouth. He reaches out to close upon 
it in lateral protrusive position and grasp it between the teeth preparatory to carry- 
ing it back between the posterior teeth for chewing. 


THE CHEWING CYCLE 

There are three definite steps or basic movements which take place in 
mastication, or what we might call the chewing cycle. Although for convenience 
we have considered each one as a separate pure movement, in practice the patient 
seldom follows each one as precisely as outlined and not necessarily in the order 
given. This is particularly true of the eccentric chewer. 

As food is introduced into the mouth, the mandible opens down and _ for- 
ward to grasp the food and carry it back between the posterior teeth. This mo- 
‘set” for crushing. At 


tion is generally repeated several times until the food is 
this stage no great amount of force is exerted, and the mandible may or may not 
go all the way back to centric relation; it matters little. Now, with the food 
held between the teeth by the tongue and cheek, pressure is exerted to form the 
bolus to prepare it for the real chewing. As the muscles start to put force upon 
the bolus, the mandible slides back to centric relation as it is closing and the teeth 
are coming together in centric occlusion. Here the centric closure is of some 
importance, but since this particular motion is repeated comparatively few times 
in the chewing cycle, it is not responsible for any great amount of damage. 

Now the real chewing begins, and the real damage is done. The teeth close 
in lateral excursion and slide back to centric occlusion. They open from centric 
occlusion, move to a lateral relation in the open position, again close in lateral 
excursion, and return to centric occlusion. This motion goes on repeatedly until 
the food is masticated and ready for swallowing. Occasionally, it is interrupted 
by the first movement, apparently to keep working the food back between the 
posterior teeth. 

Since this last motion accounts for most of the damage, let us analyze it a 
little more thoroughly. The separated teeth move over into lateral excursion on the 
working side, preparatory to closing upon the food and returning to centric oc- 
clusion. As the teeth start through the bolus of food, the temporal, internal 
pterygoid, and masseter muscles contract to provide the necessary force to overcomé 
the resistance of the bolus. The condyle and meniscus are resting in a lateral pro- 
trusive position. The condyle path slants back and upward. Force is being applied 
upward and backward because the muscles are attached to the mandible between the 
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resistance of the bolus of food and the fulcrum of the condyle on this slanting 
path. The only thing which could hold the condyle down and forward on its 
path, against its natural tendency to slide back, is the external pterygoid muscle. 
Its ability to hold the condyle down on the path is relatively insignificant in com- 
parison with the great power muscles of mastication. 

Although the external pterygoid muscle is a relatively powerful muscle, it 
would, as Sicher' has expressed it, have to hold the mandible “precariously bal- 
anced” while the patient attempted to bring the teeth together. That is one rea- 
son why the eccentric chewer cannot exert the same force as the chewer with a 
normal relation. He must limit the muscular force of the closing muscles so 
that the external pterygoid muscle can hold the mandible forward in order to 
bring the teeth together. In normal relation the closing muscles contract, and the 
condyle and meniscus unit slides back and up until it is braced in the trough of the 
fossa. From this position, the mandible closes through the bolus of food until 
the cusps interdigitate. From this working bite, the mandible slides back toward 
centric relation with the teeth in contact. The working condyle rotates and the 
meniscus slides medially, braced all the time in the trough of the glenoid fossa. The 
cusps slide past each other, gliding across the opposing marginal ridges and sulci, ex- 
erting an almost vertical pressure. The mandible returns to centric relation, 
opens again, and returns to lateral excursion in the open position preparatory to 
repeating the stroke. 

The important point to note about all these movements is the fact that 
whenever the mandible is being closed by the application of heavy force against 
the resistance of a bolus of food between the posterior teeth on the working side, 
the condyle on the meniscus is braced in the trough of the fossa, and the teeth are 
closing on the axial center established in centric relation, meeting with pressure 
exerted nearly in the direction of the long axis of each tooth. If the cusps are 
properly related to each other, the upper and lower teeth interdigitate, the condyle 
is not pulled out of its bracing position, and the teeth are not subject to lateral 
displacement. 


THE CHEWING CYCLE WITH INCORRECT CENTRIC RELATION 


But now let us trace the chewing process if the teeth are constructed with 
the jaws out of centric relation. As before, the teeth grasp the food in lateral 
protrusive excursion and return. The teeth open, and the bolus is carried be- 
tween the teeth. The mandible moves into lateral excursion with the teeth sep- 
arated, and the teeth close into the bolus preparatory to shredding it on the re- 
turn glide toward centric occlusion. As the teeth close with the condyle in its 
distal bracing position under muscular force, one or more cusps meet in pre- 
mature contact and prevent the remaining cusps from interdigitating. Muscular 
force continues to pull the teeth through the bolus of food, and the teeth are forced 
to slide on the premature contact until the cusps do interdigitate. The condyle 
is pulled so that it is no longer braced in the top of the fossa, or the teeth are dis- 
placed until they do interdigitate. In either case, one or the other must yield 
to the functional disharmony. Now the entire muscular force is braced against 
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the cusps which are attempting to displace the condyle. This force is trans- 
mitted as lateral pressure against the bone supporting these cusps instead of as 
the vertical thrust in normal relationship. As the cusps glide past each other 
and the mandible attempts to return to centric relation, it exerts a constant 
pathologic pressure upon the supporting structures. During the entire time that 
the heaviest muscular force is being exerted on the working bite, it is all trans- 
mitted as a lateral thrust against the supporting tissues. At some stage of the 
movement each cusp does come into contact, but at that particular instant it is 
the only one in contact. The entire pressure is concentrated successively on small 
areas instead of being spread over the entire area all of the time. Though all the 
teeth and all the supporting structures do come into function during the stroke, 
at any given point of contact all of it is being brought to bear as lateral pressure on 
a small area of bone. The varying degrees and directions of lateral pressure pro- 
duce the varying pattern of bone destruction. 


In the case of natural teeth, or of a partial denture, there is little actual move- 
ment until the teeth have become grossly loosened. It is more a problem of 
maldistribution of function. But with full dentures, if the patient attempts 
really to chew, the base is in a state of constant flux. It might be well to point 
out that this is not the same as the forward displacement that one gets from an 
unstable or ill-fitting base. That introduces still another complicating factor 
which would merely confuse the present issue. We are here assuming the pres- 


ence of a stable base, properly fitted to the soft tissues. These displacing forces 
produce pain and instability, so that the patient quickly learns not te really chew. 
The proprioceptive mechanism automatically controls that, usually without the 
patient’s even being aware of it. Fortunately for us, the majority of patients think 
that they are chewing, but actually it would be impossible. The occasional in- 
dividual who attempts to use his teeth normally, in spite of the proprioceptive 
reflexes, becomes what we call the problem patient or the neurotic. 


THE BENNETT MOVEMENT 


The combination of rotation and medial gliding of the condyle on the work- 
ing side is the Bennett movement. The Bennett movement, you will recall, is 
the path of the axis across the glenoid fossa during lateral excursion in either 
direction. Although it is usually recorded as the path from centric relation 
outward, it is actually used in the opposite direction. Since it is the power 
movement, it is the most important of the mandibular synergy. Because the 
Bennett movement is the power movement and takes place with the condyle 
on the meniscus braced against the trough of the fossa, it is the reason why cen- 
tric relation is of fundamental importance, regardless of what method may be em- 
ployed to record it. To record the condyle path without the Bennett movement 
is worse than useless. It is actually misleading in diagnosis, and in treatment 
it is capable of more potential harm than good. Conversely, to restore centric 
relation medially, without consideration for the Bennett movement will frequently 
make a bad matter worse and actually hasten the destructive process. 
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THE BALANCING SIDE 


The effects of eccentric relation are not so readily discernible on the balancing 
side. Here, the condyle is down and forward on the condyle path as the teeth 
close upon the bolus in lateral excursion on the other side. As the working side 
glides medially, the condyle on the balancing side returns along its path toward 
centric relation until it meets the premature contact at the point of eccentric 
relation. There may, of course, be other points of premature contact as it is 
making the return stroke. As it is stopped by the interdigitation of the cusps 
at the point of eccentric relation, it attempts to return all the way to centric 
relation to complete the rotation on the working side. All the thrust is now 
against the cusp in premature contact on the balancing side. This thrust is trans- 
mitted as lateral pressure against the bone. ss 

THE CENTRODYNAMIC PATH 


In order to differentiate between the normal path of the condyle on the 
working side as it glides across the fossa and the abnormal path as it is held 
forward by the cusp relation, we have had to coin a word. It is not centric 
relation, because centric relation is the relation when both of the condyles are 
in their terminal hinge positions. It is related to centric relation because the 
working condyle is in its most retruded position at any given point in its path. 
It starts and ends in centric relation. And so, for lack of a better word, we have 
termed it the centrodynamic path, as distinguished from the path followed when 
the condyle is compelled to assume an abnermal position by the interdigitation 
of the cusps. It is the centrodynamic path which is of tremendous importance 
in orthodontia, periodontia, and prosthodontia. 

In physiologic restoration of function, regardless of method, the condyle is 
permitted to return to centric relation, and under such conditions the so-called 
rest position of the mandible ceases to be a problem of vertical dimension. But, 


if the vertical dimension of occlusion is increased materially, centric relation is 


an absolute prerequisite to muscle length and physiologic rest position. Without 
centric relation there can be no physiologic rest position. 

Let me anticipate the first question which may come to mind. Why should 
the bracing of the teeth against the bone have any destructive effect, or why do 
we see some people whose teeth are out of centric relation all their lives with 
little or no dental disorder? These are both the same question. The reasons 
for this are well established. Briefly, it is due to the metabolic ability of the 
bone to withstand the functional demands imposed upon it. The lateral force on 
the bone which is created by the backward pull of the muscles as the premature 
cusp contacts hold the mandible forward creates an excessive functional demand 
upon the bone in the direction it is least equipped to resist. Occasionally, we 
find bone which has the metabolic ability to withstand such abuse, just as we find 
this in other organs of the body. But more often, it is too great a demand, and 
the bone is destroyed. We have a constant battle going on between the teeth 
and the temporomandibular joint. Usually the joint wins the struggle, and the 
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mouth is destroyed. Sometimes the teeth win the battle, and the joint is injured. 
Sometimes they both succeed in injuring each other. 

In the case of full and partial dentures, the pull upon the dentures produces 
acute suffering under the base area, destroys abutments, and speeds the shrink- 
age of the mouth. We are in the habit of telling patients that they have to learn 
to eat with dentures, but as a matter of fact it is just the opposite. They have 
to learn not to eat with dentures. The patient knows how to eat, but if he attempts 
to do it with dentures that are out of centric relation, as the vast majority are, 
he immediately loses denture stability and produces pain. So he has to learn 
to open and close the mouth carefully in an eccentric relation. That means he dare 
not apply much pressure between the posterior teeth, or he will slide into centric 
relation and be in trouble. That, in a large measure, accounts for the muscular 
changes we see in the faces of full denture patients. Most of our ideas about 
the patient’s inability to chew with artificial dentures have been based upon ec- 
centric jaw relations, but, instead of getting at the real root of the trouble, we 
have tried to get around it with more and more impression techniques. Unless 
you have actually seen it happen, it is unbelievable what a change takes place 
when you take a set of these dentures and simply make it possible for the patient 
to close in centric relation. There have been many cases, made with great care 
but not in centric relation, which the patient condemned as useless, that were 
made into successful cases simply by making it possible for the patient to close 
in centric relation. You do not have to force it upon the patient. Unfortunately, 
he will not give it to you when you place something in his mouth and tell him to 
bite upon it. 

SUMMARY 


Centric relation is the terminal hinge position of the mandible which estab- 
lishes the relation of the axis of the condyles to the teeth as they will close with 
muscular force against the resistance of a bolus of food in every contacting 
position. As the teeth meet, they interdigitate, and pressure is exerted along their 


long axes. The hinge axis determines the arc on which they close and is related 
to the curve of the cusps. In the case of full dentures, a proper centric closure seats 
and holds the dentures firmly in place. The centrodynamic position does the same 


thing in lateral excursion. 

Without proper axial relations the teeth do not interdigitate as the mandible 
closes in its bracing position. The force is now against the cusps that are in pre- 
mature contact. This results in destruction of the bone around the teeth. In 
prosthodontia it results in pain, instability, and destruction of the supporting 
structures. In orthodontia, it results in shifting of the teeth and collapse of the 
articulation. In periodontia, it initiates the process which in its later stages 
we call periodontia complex. All of this is incompatible with dentistry as a treat- 
ment for a sick mouth. 
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RECORDING AND TRANSFERRING THE MANDIBULAR AXIS 


Rosert B. SLtoane, D.D.S. 
New York, N. Y. 


HEN planning a case for treatment, we evaluate our clinical and diagnostic 

findings in order to institute proper dental therapy. We note the type of 
bone, the number and position of missing teeth, tooth mobility, periodontal in- 
volvement, caries, and so on. We accept these as fixed factors which limit our 
treatment plan. We should include one other fixed factor presented by the 
patient, as characteristically individual as any of the other physical findings we 
have so carefully recorded, namely mandibular function. 

One component of mandibular function, the mandibular axis, is of pre- 
eminent importance. The mandibular axis is not a theoretical assumption, but 
a definitely demonstrable biomechanical fact. It is the axis upon which the mandible 
rotates in an opening and closing function when comfortably, not forcibly, re- 
truded. If we record and transfer the mandibular axis to an anatomic articulator, 
we can then mount the casts so that they open and close on the articulator in 
the same fashion as the patient’s jaws. We can then, without tongue, cheeks, 
or saliva see exactly what happens when the jaws are brought into apposition. The 


value of mounting cases to the mandibular axis is not restricted to diagnosis. 
It is one of the fixed factors presented by the patient which, if properly considered, 
can be of inestimable value in all phases of dental treatment. 


This is an account of a method for locating the mandibular axis and trans- 
ferring it to a modified Hanau instrument. 

A clutch is necessary to provide a mechanical extension of the mandible 
for the purpose of attaching an adjustable face-bow (Fig. 1). The clutch is a 
one-piece aluminum casting which has been cut in half to facilitate removal after 
use. The anterior and posterior segments of the clutch are rejoined by screws, 
holes for which were drilled and tapped before the clutch was sawed in half. 
It is not necessary to cast an individual clutch for each patient. Two clutches, 
one large and one small, will suffice for all but the unusual mouth. They need not 
fit accurately. They are used only to provide a rigid mechanical extension of the 
lower jaw. The clutch is cemented into place with one of the zinc oxide impres- 
sion pastes (Fig. 2). It should be carefully tested to see that the paste holds the 
loosely fitted clutch rigidly to the teeth. 

It is difficult to ascertain with accuracy the direction of movement of the 
face-bow indicator against the skin. A stable background is provided by graph 
paper fitted to the ear pieces of an adjustable ear muff frame (Fig. 3). The graph 
paper is positioned over the area of the condyle. The crossbar of the face-bow 
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is attached to the clutch stud by means of a universal clamp (Fig. 4).* The 
adjustable arms of the face-bow are added to the crossbar (Fig. 5). The axis 
indicators are adjusted, as the patient opens and closes with the mandible re- 
truded, until they no longer move in an arc, but rotate on a single point (Fig. 
6)." The graph background is removed and that point of reference marked on the 


Fig. 2. 


skin. It is done with the patient sitting in an upright position, away from the back 
of the chair and headrest. A dot of indelible ink is placed on the point of the 
axis indicator, and it is pressed gently against the skin, as the mandible is held 
in a retruded position. 

The face-bow and clutch are then removed. The clutch is easily removed 
by taking out the screws and wedging a screw driver in the notch provided for 
separating the anterior and posterior halves. Fig. 7 illustrates the dentulous side 
of the clutch after it has been removed from the mouth. 


*The face-bow used in these illustrations is the one developed by Dr. B. B. McCollum for 
use with the McCollum Gnathograph. 
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Now that the axis has been determined, the relationship of the maxillary 
teeth to the mandibular axis can be transferred from the patient to the modified 
articulator. A bite fork covered with modeling compound is held against the 
upper teeth by the lower teeth. Since the purpose of the transfer is to relate 
the maxillary teeth to the axis, it is not important that the patient close in cen- 
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ric relation (Fig. 8). All that is necessary is the slightest indentation of the 
maxillary teeth in the compound. Only enough indentation is necessary to pro- 
vide a definite seat for the upper cast. The crossbar is added to the bite fork by 
means of a universal clamp (Fig. 9). An upright support is now added to the 
bar by another universal clamp. The purpose of this upright is to provide sup- 
port for the axis-nasion indicater (Fig. 10). The axis-nasion indicator relates 
the right and left points of rotation to a third point on the side of the nose. The 


Fig. 15. 


selection of the nasion point is arbitrary. In general, it should be on the right 
side of the nose at a level of 14 to %4 inch below the inferior orbital border. These 
three points are indelibly marked by introducing a permanent die under the 
epidermal skin layer. These points constitute a plane of reference, the axis- 
nasion plane. The purpose of establishing a plane of reference is to enable the 
operator to mount casts repeatedly in the same vertical position between the 
upper and lower members of the articulator as well as in relation to the mandibular 
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axis. For, if eccentric records are developed, the settings of the instrument 
will be valid for all subsequent mountings only if a static relationship exists 
between the upper cast and the upper member of the articulator. The maxilla is 
positionally related to the axis and axis-nasion plane. Subsequent steps will 
show how that relationship is oriented to the axis of the instrument and to the upper 
member of the articulator. 


Fig. 16. 
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The face-bows arms are then added to the crossbar (Fig. 11). They are ad- 
justed until they just touch the skin at the points which had been marked (Fig. 12). 
The axis-nasion indicator rests on the upright provided for its support and the two 
axis pointers. By raising or lowering the upright supporting the axis-nasion 
indicator, the nasion pointer is adjusted to the dot on the side of the nose (Fig. 
13). 


Fig. 19. 


The face-bow and bite fork are locked tightly together and removed from 
the patient. The maxilla is related to the mandibular axis and to a plane of 
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reference. A centric check bite is used to relate the lower cast to the upper cast. 
It is taken in soft, warm wax with the mandible retruded. The patient is not 
allowed to close through the wax to tooth contact. Thus, a deflection of the normal 
arc of closure by any premature contact is avoided (Fig. 14). 

The face-bow and bite fork are transferred to the modified Hanau by means 
of two clamps and a lollypop-like arrangement. The lollypop is attached to the 
lower member of the articulator, and the clamps join it to the bite fork. This 
is merely a convenient method of holding the face-bow and bite fork while the 
axis of the instrument is adjusted to meet the face-bow. In Fig. 15, the upper 
member of the articulator is reflected backward for convenience. The axis of the 
instrument is brought out to meet the face-bow. The face-bow mounting arrange- 
ment and the upper member of the articulator are adjusted until the axis indicators 
point toward the center of the axis of the instrument. The axis of the modified 
instrument is provided with calibrated insets which are extended equidistant on 
either side (Fig. 16). The locks on the horizontal condyle path arrangements 
have been reversed in order to facilitate the adjustment of the instrument to the 
face-bow. The incisal guide pin of the articulator is replaced by a T arrange- 
ment that locks in a fixed position in the upper member of the articulator. The 
upper member of the articulator is then brought forward to rest on the axis- 
nasion indicator (Fig. 17). The upper cast is seated in the tooth indentations 
in the modeling compound on the bite fork and joined to the upper member of 
the articulator. There now exists a repeatable relationship of the maxilla, the 
axis, and the axis-nasion plane to the upper cast, the axis of the instrument, 
and the upper member of the articulator (Fig. 18). After the upper cast has 
been joined to the upper member of the articulator, the face-bow and mounting 


arrangement are removed. The condyle setting is neutralized and the lower cast 


related to the upper cast by means of the centric check bite (Fig. 19). 

_ The casts are now related to the axis of the instrument as the jaws are re- 
lated to the axis of the mandible. We can then, without tongue, cheeks, or saliva, 
see exactly what happens when the jaws are brought into apposition. We have 
recor’ed and transferred one important fixed factor presented by the patient, 
as singuiarly characteristic as any of our other clinical findings. 
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THE MEASURED VERTICAL DIMENSION AND THE PLANE OF 
OCCLUSION—LOST COORDINATES OF THE BENNETT 
MOVEMENT 


FranK H. McKevirrt, D.D.S. 


San Francisco, Calif. 


ROM the time of Pffaf in 1775 to the present, the movements of the mandible 

have been the subject of much investigation. These investigations reached their 
zenith with the publication of a paper by Bennett' in 1908. Bennett’s paper con- 
sisted mainly of an account of some experiments he undertook which were di- 
rected toward the elucidation of several points which did not appear to him to 
have been adequately dealt with by other workers. A fixed center of rotation 
of the mandible, outside the condyles, had been supposed to exist, and much 
discussion of its exact position had taken place. 

Bennett showed that no single rotation center existed, but that the center 
of rotation changed constantly. His experiments were conducted with refer- 
ence to this supposedly fixed center of rotation. His conclusion showed there was 
no such point. 


Gysi and his assistants confirmed the findings of Bennett by geometric 
processes and devised methods whereby the jaw movements could be more easily 
recorded. 


In 1920, Prentiss* excited profound interest in the subject. He showed, by 
means of finely prepared specimens, the anatomic relations of the tenporomandibu- 
lar articulation to the movements of the mandible in mastication. He thus con- 
firmed anatomically the mathematical findings of Bennett and the geometric con- 
clusions of Gysi in relation thereto. The practical aspect of this was so firmly 
to establish this movement as the habitual movement that any articulator which 
fails to reproduce it will not be acceptable to prosthodontists. Continued interest 


in this topic today is manifested by the recent publication of an article by Frank.’ 


Despite these studies there still remains the problem of finding for edentu- 
lous patients the correct vertical dimension and the correct plane of occlusion co- 
ordinal with the Bennett movement. 


Bennett and Gysi, while fully cognizant of these missing coordinates, were 
unable to offer a method for their recovery. Bennett, writing on the possibility 
of finding the correct vertical dimension and the correct plane of occlusion, stated 
that these two considerations are really distinct from the construction of an articu- 
lator and that they are connected with the fact that in edentulous and many 
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other patients disease has destroyed the normal conditions. He suggested that 
a scientific method be found for fixing the plane of occlusion in relation to the 
condyles when the normal occlusion has been lost. In his discussion he further 
stated: ‘An ideal articulator is one which will reproduce the movements of the 
mandible of any particular individual.” He did not think there would be any 
great difficulty in constructing an ideal reproduction for the one particular pa- 
tient, but the ideal articulator required was some piece of mechanism which 
might be very readily adapted from one patient to another, an apparatus capable 
of reproducing movements in different individuals. That, however, was quite 
distinct from the question of placing the casts on the articulator, or on the line 
joining the condyles, as obtained in the mouth. That having been done, the 
vertical dimension would have to be fixed. He believed that more light could 
be thrown on the subject of vertical dimension. 

Gysi manufactured an articulator in which he incorporated the Bennett move- 
ment as it originated in the temporomandibular articulation and carved artificial 
bicuspids and molars to conform geometrically with the movement as it is re- 
flected in the occlusal surfaces of the teeth. Gysi’s modification of the natural 
order consisted of fixing the downward inclination of the condyle path at 33 
degrees and the inward lateral path movement at an average of 16 degrees. 

The average inclination of the cusps of the artificial teeth was fixed at 30 
degrees and also at the lower inclination of 20 degrees. Gysi made no refer- 
ence to the recapture of the vertical dimension or the correct occlusal plane, as 
Bennett had. He considered it as being an implied chair operation, separate 
and apart from the construction of an articulator and the manufacture of artificial 
teeth. The accurate recovery of the occlusal plane and the vertical dimension 
as coordinates of the Bennett movement remains a blind spot in prosthodontics, 
upon which further light must be shed. It still remains for us or our successors 
to elucidate and decide. 

In order to obtain a reasonably exact correlation of the maxilla to the mandible, 
it is suggested here that the anterior papilla of the maxillary rugae be chosen 
as one of the two correlative positions. The other correlative position is a point 
in the median line on the crest of the mandibular ridge. This simple measure- 
ment can be taken from occluded pre-extraction casts (Fig. 1,8). It has been 
determined that the use of the maxillary papilla as a geometric point of beginning 
of the measurement is accurate. It seldom, if ever, undergoes surgical interfer- 
ence, and it is only slightly relieved during the impression stage (Fig. 2,4). 
Hence, it is constant and reliable as an anatomic landmark. A point on the 
mandibular ridge crest of the occluded casts, in the median line, was chosen cor- 
relatively as a point of ending of the measurement. Thereby, the rest position 
of the mandible is ruled out as a measurable entity. When the vertical dimension 
is thus recaptured, it should be obvious that occlusal clearance, or the so-called 
free space, will be automatically restored. 

It has been observed that the “height of the bite’ or the vertical dimension 
varies in different individuals. This variation ranges in recent extraction cases 
from 8 to 17.5 mm. and in long-standing cases of renewals and in those involving 
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senile atrophy from 18 to 32 mm., as is seen in Fig. 2,8. Therefore no average 
can be struck. Each case must be gauged individually at the chair. 

Full denture patients are divided into four general categories. There are: 
first, those about to become edentulous; second, those who require an artificial 
maxillary or mandibular denture only; third, those wearing artificial dentures 
and presenting for renewal; fourth, those presenting without artificial dentures, 
pre-extraction casts, or any record of the lost vertical dimension. 


Variable Vertical 


Labial Elevation (p Lingual Elev. 
op Papilla 


Constant Occlusal] Plane 


Elevation Mandibular 


Ridgecrest 
—-—Labsal offset vert 


variable Vertical —Lingual verticel 


B. 


Fig. 1.—A, A labial view of the incisor teeth. The dot between the maxillary incisors 
indicates the labial elevation level with the incisive papilla. It is the upper point of measure- 
ment for the vertical dimension. The dot on the mandibular ridge crest is the lower point of 
measurement for vertical dimension. The transverse dotted lines indicate variations in the 
vertical dimension which result from atrophic changes in the alveolar processes. B, The 
lingual elevation of the incisive papilla. C, An outside caliper is used to locate the height 
of the incisive papilla on the labial surface as marked on A. 


In the first and second groups, pre-extraction casts constitute measurable 


controls which should be zealously guarded. 

In the third group, long usage has fixed the vertical dimension. Changing 
the vertical dimension indiscriminately, for purposes of cosmetic effect, is ex- 
tremely hazardous. 

In the fourth category, patients who present themselves without pre-extrac- 
tion records are the most baffling. 

For the purpose of clarity, only the first of these groups will be considered. 
From this limited discussion of it, the technical and procedural pattern for the 
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others can be readily adapted. It should again be emphasized that the two miss- 
ing coordinates of the Bennett movement are to be recovered. They are the 
then extant vertical dimension and the plane of occlusion of the individual patient. 

For analogy the technical principle involved is exemplified theoretically and 
practically in cases of immediate denture restorations. When pre-extraction 
casts are occluded and placed on the articulator, the pin is set to conserve the 
extant vertical dimension. The plaster teeth are removed, and the dentures 
are completed accordingly. Here the analogy ends, for when atrophic changes 
which follow the healing processes are concluded and there are no pre-extrac- 
tion casts to serve as controls, the vertical dimension is lost, and a vicious cycle 
ensues. 


Variable 


Papilla Vertical 








Constant Oc. Plane 


Mo/ar Areas 


A. B. 


Fig. 2.—A, A sagittal section through the anterior ridges. The incisivé papilla is undis- 
turbed by surgical preparation for dentures. It remains as a constant landmark for vertical 
dimension. The lingual side of the lower ridge is also unchanged during surgical preparation 
of the mouth. B, A cross section through the maxilla and mandible in the molar region. 
The horizontal lines indicate possible variations in the space for dentures with a constant plane 
of occlusion and a changing vertical dimension. 


RECOVERING VERTICAL DIMENSION FROM PRE-EXTRACTION CASTS 


The vertical dimension is taken from pre-extraction casts by placing one 
point of the compass on the labial surface of the maxillary cast at the elevation 
of the papilla of the maxillary rugae; the other point is placed on the crest of the 
mandibular ridge in the median line (Fig. 1,4). The distance is then transferred 
to a millimeter gauge for recording. To facilitate offsetting the lingual elevation 
of the papilla, an outside caliper or a towel clip is used, one point of which is 
placed at the lingual elevation of the papilla and the other point at its labial eleva- 
tion on the maxillary cast (Fig. 1,C). 


RECAPTURING THE OCCLUSAL PLANE WITH THE OCCLUSION RIMS 


The vertical dimension actually consists of two parts, a maxillary and mandi- 
bular component. They should be divided accurately. The vertical length, in 
inillimeters, of the maxillary occlusion rim can be taken from a maxillary central 
incisor on the cast, from the original extracted incisor, from its artificial substi- 





3 J. Pros. Den. 
186 MC KEVITT March, 1952 


tute, or from a mark drawn on the occlusion rim in the median line 1 mm. above 
the lip line in repose. One beak of the caliper is placed inside the occlusion rim 
at the location of the papilla of the maxillary rugae in the median line. The 
other beak is placed outside on the labial surface of the occlusion rim at a point 
in the median line corresponding to the length of the central incisor to be used. 
With this point as a target, the occlusion rim is heated and paralleled antero- 
posteriorly with a line previously drawn on the face from the lower border of 
the external auditory meatus to the ala of the nose and laterally with an imaginary 
line drawn through the pupils of the eyes (Fig. 3). 














‘SS 


Fig. 3A, The occlusal plane is made parallel to a line from the ala of the nose to the 
lower border of the external auditory meatus. B, The occlusal plane is made parallel to 
an imaginary line through the pupils of the eyes. 


B. 


The dimension of the mandibular component of the vertical dimension is ob- 
tained by heating the lower occlusion rim and closing it against the maxillary com- 
ponent to the predetermined vertical dimension which was measured in millimeters 
on the casts. The location of the maxillary papilla is used as one end of the measure- 
ment, and the median line of the mandibular ridge crest is used as the other end 
of the measurement. When the vertical dimension and the occlusal planes have 
been established with fidelity, artificial teeth set to these dimensions will have 
occlusal clearance which is automatically re-established.’ 

To check the accuracy of this effort at recapturing the vertical dimension, 
the original occlusion rims are preserved and placed upon duplicates of the original 
casts. This serves as a check upon work done at the chair and as a countercheck 
against work done in the laboratory. 


SUMMARY 


The so-called height of the bite or vertical dimension and the occlusal plane 
are the missing coordinates of the Bennett movement. The former is variable. 
The latter is invariable and remains constant throughout life. 
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Recapturing these coordinates is strictly a chair operation. Because of its 
variability when teeth are present, and also when absent, no average length of the 
vertical dimension can be struck. This variation ranges from 8 to 34 mm. Each 
individual vertical dimension must be gauged at the chair, and the correct occlusal 
plane should be established at the same time. 
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VERTICAL DIMENSION MUST NOT BE INCREASED* 


Meyer M. Sitverman, D.D.S: 


Washington, D.C. 


ie CREASING vertical dimension has been a universal treatment for many years, 
although excellent advice’”* has been given against this unscientific trend in 
dentistry. Much of this treatment has been based upon inaccurate diagnostic 
methods or upon the opinion of the dentist that the vertical dimension of the patient 
was too short. It was felt that collapsed cases, with wear of the natural dentition, 
had to be reconstructed to the patient’s supposedly normal vertical dimension. 

There has never been a scientific, accurate, and practical method by which 
the vertical dimension of the patient could be recorded in millimeters so that we 
could determine whether the vertical dimension had been reduced over a period of 
years. It is now possible, by means of the author’s speaking method* of recording 
the natural vertical dimension, to prove scientifically that the vertical dimension 
must not be increased except for the exceptional patient. 


THE SPEAKING METHOD 


Vertical dimension can be measured by the speaking method with its 
speaking space. This method of determining the vertical dimension of a patient 
is scientific, accurate, and practical for every dentist in his own office, without 
the need for expensive equipment or instruments. It is a phonetic method based 
upon the physiologic movement and position of the mandible during speech. Less 
than one minute is required to measure the vertical dimension before the loss of 
the remaining teeth. 

The method of measuring the vertical dimension is very simple. The patient 
must sit erect (Fig. 1) without using the headrest, the eyes should look forward, 
and the occlusal surfaces of the upper posterior teeth should be parallel to the 
floor. The measurements must be taken under identical conditions of posture and 
vigor of speech. The patient must speak rapidly in a calm, relaxed, and normal man- 
ner, without consciously controlling the muscular movement of the jaws. Tipping 
of the head, variations in the vigor of speech, or any muscular control of the jaws may 
vary the reading of the vertical dimension. The patient closes into centric occlusion 
with the upper and lower teeth held together in maximum occlusal contact. The 
centric occlusion line is drawn with a pencil on a lower anterior tooth at the hori- 
zontal level of the incisal edge of the opposing upper anterior tooth (Fig. 2). The 


Received for publication Dec. 27, 1951. 

*The phrases speaking centric, speaking centric line, and speaking centric space were 
used in previous articles. The word ‘centric’? is now replaced by the word “closest” to avoid 
confusion with other dental terminology. The more descriptive and understandable terminology 
is now used to explain the same markings and movements in the measurement of vertical 
dimension. 
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patient is then asked to pronounce the phonetic sound s, as in yes. While the s sound 
is made and held, the closest speaking line is drawn on the same lower anterior 
tooth on which the centric occlusion line was drawn (Fig. 3). The distance be- 
tween the lower line, the centric occlusion line, and the upper line, the closest 
speaking line, is called the closest speaking space. The measurement of this closest 
speaking space is the measurement for vertical dimension. It is believed that 
the closest speaking space of each individual is constant throughout life, and records 


& 


‘ie. 


Fig. 1.—The position of the patient for marking the centric occlusion and closest 
speaking lines. 


are being kept to determine the accuracy of this belief. It has been constant in 
patients observed since February, 1950. This belief may be substantiated by the 
“all or none” law® of muscle physiology, which states that a muscle fiber is in maxi- 
mum contraction during the stimulus of function. Because this system of de- 
termination of vertical dimension is based on physiologic function of muscles while 
used in speaking under similar conditions, the same levels of the mandible are caused 
by maximum function of the muscle fibers involved. 

In the event that there is no vertical overlap in a natural or artificial dentition 
to be measured for its closest speaking space, Figs. 4 and 5 show the method that 
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may be used. If, for example, we are measuring an edge-to-edge bite, the centric 
occlusion line will be at the incisal edges of the lower anterior teeth which are in 
contact with the incisal edges of the upper incisors when teeth are in centric occlu- 
sion. When the patient is pronouncing any of the sibilants like s of yes, the mandible 


Fig. 2. 


Fig. 3. 


Fig. 2.—Marking the centric occlusion line before extraction of the teeth. 

Fig. 3.—Marking the closest speaking line before extraction of the teeth. The closest 
speaking space is the distance between the closest speaking line and the centric occlusion line. 
This is the measurement of vertical dimension. 
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might open, as seen in Fig. 5, with the closest speaking line being at the upper in- 
cisal edges and the closest speaking space being measured as shown. 

In addition to the s sound as yes, it has been found that all other sibilants 
generally cause the mandible to reach the closest speaking level (the closest speak- 
ing level of the lower jaw in relation to the upper jaw). The sibilants s, z, sh, zh, 
ch, and 7, in such words as yes, buzz, fish, measure, church, and judge, produced 
the closest speaking level of the mandible in relation to the maxilla in 90 per cent 
of the series of patients examined. In those exceptional cases in which other sounds 
caused a closer level, it was found that the sibilants cause a constant and reliable 
means of measuring the vertical dimension. Therefore, only the six sibilants of the 





Fig. 4.—Centric occlusion with an edge-to-edge arrangement of the anterior teeth (no vertical over- 
lap). The centric occlusion line is at the incisal edges of the teeth. 


Fig. 5.—Measuring the closest speaking space of the denturese shown in Fig. 4. 
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forty-four phonetic sounds of the English language are used. It might be found 
that not all six sibilants will produce the closest speaking level of the mandible. 
Perhaps only one or more of this group produce the closest level of the mandible to 
the maxilla while speaking. If such is the case, the sound and its measurement of 
the closest speaking space in terms of millimeters should always be recorded. 

The closest speaking line should first be located by use of the individual words, 
and this line should be checked for accuracy by having the patient say “Mississippi,” 
which has many sibilants. Then the patient should be given a magazine to read, 
and the relation of the incisal edge of the upper tooth to the closest speaking line 
should be noted while the patient is pronouncing the sibilants of the reading matter. 
If there is a discrepancy in the position of the closest speaking line, it is due generally 
to the voluntary muscular control of the mandible by the patient when this line is 
drawn while the individual words are being spoken. The closest speaking line 
must be drawn and checked while the patient speaks rapidly and normally without 
conscious muscular control and with the same vigor of speech and in the same 
posture. When the patient speaks rapidly or reads rapidly, conscious muscular con- 
trol will generally be eliminated. 

It should be understood that this phonetic system of determining vertical di- 
mension by the use of the six sibilants and the closest speaking space is new and 
different from centric relation and the free-way space. The rest position of the 
mandible and the free-way space establish vertical dimension when the muscles 
involved are completely relaxed and at rest. The speaking method, with its 
closest speaking space, measures vertical dimension when the mandible is in a 
speaking position and the muscles involved are in active function during actual 
speech. 


CLINICAL PROOF 


It can be scientifically proved by means of the speaking method that the 
vertical dimension must not be increased. In the author’s previous report’ it was 
shown that there is no such thing as an average measurement of vertical dimension. 
It was found that closest speaking spaces varied from 0 to 10 mm. in a series of 208 
patients. About 22 per cent of these patients had closest speaking spaces in which 
the upper and lower teeth actually touched, or barely missed each other, during 
the pronunciation of one or more of the sibilants during rapid speech. In these cases, 
it is evident that the vertical dimension cannot be increased. If an increase of the 
vertical dimension is attempted, it will be found that the treatment ends in failure 
because the teeth click together during speech, and the teeth will eventually be 
depressed to the normal vertical dimension or their periodontal tissues will be 
destroyed. 

It is the opinion of many that occlusions with vertical overlaps can be built up 
to increase the vertical dimension. From a series of 281 patients, a consolidation of 
forty-one patients (14 per cent) on record with some degree of vertical overlap and 
with 0 mm. closest speaking spaces was made (Table I). This does not include the 
eighteen patients on record with 0 mm. closest speaking spaces and no vertical over- 
lap, many of whom had edge-to-edge bites. The table shows the various vertical 
overlaps, which ranged from 1 to 4 mm., and the respective number of patients 
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listed in each category. It is felt by many that the occlusion of the patients having 
4 mm. of vertical overlap can be built up to increase the vertical dimension. The 
very fact that these cases have a closest speaking space of zero, that the upper and 
lower teeth almost or actually touch during the closest levels of speech, is proof 
that the vertical dimension cannot be increased even a fraction of a millimeter. 
If the vertical dimension should be increased, the upper and lower teeth would 
click together, and damage to the supporting tissues and subsequent failure would 
result. 


TasBLe I. ANALysIs oF 41 Patients WitH No CLosest SPEAKING SPACE WHO HAVE VARYING 
AMouNTS OF VERTICAL OvERLAP, INDICATING THAT THE VERTICAL DIMENSION 











Figs. 6 and 7 show the case of Mr. C., with severe abrasion of the occlusal and 
incisal surfaces of the teeth. On clinical examination, many dentists would imme- 
diately suggest occlusal reconstruction and restoration of the abraded anatomy 


of the natural dentition to increase the vertical dimension. This patient had a zero 
closest speaking space, with the upper and lower teeth barely missing each other 
during the pronunciation of the sibilants while he was speaking rapidly. Increasing 
the vertical dimension would result in clicking of the teeth and failure of the treat- 
ment. 


The author used himself as a guinea pig in bite raising at the start of this 
research on phonetics in relation to vertical dimension (Fig. 8). It was felt at that 
time that, because of. such an excessive vertical overlap, the posterior teeth could be 
elongated sufficiently through further eruption® to eliminate the vertical overlap of 
the incisors. The occlusion was then to have been equilibrated to prevent the further 
gingival erosion of the teeth. A bite plane was used which kept the upper and 
lower teeth separated to an edge-to-edge level with the lower incisal edges hitting 
against the upper bite plane. It was soon found that while the author was speak- 
ing, the lower anterior teeth hit the upper bite plane. It was uncomfortable and an- 
noying. The bite plane was reduced in height when it was realized through sub- 
jective observations that the vertical dimension could never be increased to eliminate 
the vertical overlap. Finally the vertical dimension was increased no more than 
1 mm., and perhaps less, after which the occlusal surfaces were equilibrated. It 
should be mentioned at this time that the author’s closest speaking space is 4 mm., 
and the vertical overlap is 7 mm. (Fig. 9). The feeling of a raised bite (increased 
vertical dimension) is something that cannot be described by a patient nor under- 
stood by the dentist. The difference in the feeling between the normal vertical di- 
mension and one increased by even a fraction of a millimeter is amazing. This ex- 
periment is convincing proof to the author that increasing the vertical dimension in 
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deep overbite cases, or even in cases with large closest speaking spaces, is gener- 
ally unjustified unless there is definite scientific proof to the contrary. 

Further evidence that the vertical dimension cannot be increased was obtained 
through the experience of making a second full upper denture for Mrs. O. The 


Fig. 6. 


Fig. 6.—A patient with no closest speaking space and severe incisal and occlusal abrasion. 
The vertical dimension of this patient cannot be increased. 
Fig. 7.—The occlusal and incisal abrasion of the teeth of the patient shown in Fig. 6. 
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first denture was an immediate restoration. When the second denture was made, 
the vertical dimension of the first denture was duplicated by the use of tattoo dots on 
the alveolar ridges as guides following the method previously reported by the author.’ 
When the setup of the teeth in wax was tried in the mouth, the patient felt un- 
comfortable. It was found that this wax setup had opened the vertical dimension 
only 1 mm. The wax was heated, and the teeth were depressed 1 mm. to establish 


Fig. 8. 


Fig. 9. 


Fig. 8.—The author’s 7 mm. vertical overlap. 
Fig. 9.—The author’s 4 mm. closest speaking space. The vertical dimension could not be 
increased even with the large closest speaking space. 
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the same vertical dimension as that of the immediate denture. Immediately, the 
patient felt comfortable and was satisfied with the wax setup. The closest speak- 
ing space of this patient is 1 mm. (Fig. 10). This case is further convincing 
proof that closest speaking spaces should not be encroached upon and _ vertical 
dimension should not be increased. 


EXCEPTIONS TO THE RULE 


It is almost always advisable to follow the rule, “Vertical dimension must not 
be increased.” Violation of this rule will generally result in failure of the treat- 
ment unless the general resistance of the individual patient’s tissues will postpone 
the disastrous results. A good general resistance may cause the dentist to feel 
that the treatment was a success, and the inevitable damage may not show up for 


many years. 


Fig. 10.—A full upper denture and natural lower teeth. The closest speaking space of 1 mm. 
could not be encroached upon. The vertical dimension could not be increased. 


The vertical dimension may be increased in cases that are in anatomic col- 
lapse. If the opposing teeth of the remaining lowers and the opposing teeth of 
the remaining uppers are missing, it would be a functional necessity to restore the 
normal vertical dimension with partial dentures or fixed bridgework. 


When patients with severe abrasion present themselves for treatment, it is often 
felt that the vertical dimension can certainly be opened. It would be advisable to 
examine each of these cases by the usual methods and to determine the amount 
of increased vertical dimension the patient can stand. The amount of possible 
increase should be recorded in millimeters for comparison with the amount of in- 
crease indicated by the speaking method as an aid in the diagnosis of these 
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cases. When the closest speaking space is measured, it will generally be found 
that the patients with abrasion have a zero, or very small, closest speaking space. 
Comparison of the closest speaking space of the patient with the amount of vertical 
dimension increase which was determined by the usual methods will be proof enough 
that opinions derived from inaccurate methods must be replaced by the scientific 
facts of the speaking method. 


CONCLUSIONS 


1. The occlusion must not be built up to increase the vertical dimension. 

2. As teeth wear or become abraded, the teeth and alveolar bone elongate 
through growth to maintain the original vertical dimension with the maintenance 
of the same closest speaking space. 

3. Whether or not the vertical dimension can be increased must be determined 


by scientific facts and not opinions. 
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MUSCULAR TENSIONS IN DENTURE CONSTRUCTION 


Louis S. Brock, D.D.S. 


Louisville, Ky. 


OME of our patients experience difficulties with their artificial dentures 

when mechanically, esthetically, and seemingly functionally, these dentures are 
splendid examples of prosthetic art and science. There must be reasons other 
than technical ones for these difficulties. The mechanical phase of denture con- 
struction has advanced to a remarkable degree. There are many excellent and 
highly acceptable techniques of denture prosthesis. While no dentist pretends 
that his dentures are perfect substitutes for good natural dentition, he knows 
that many of his patients manage their dentures with ease and comfort. He 
knows that some of these successful cases are in the mouths of good denture 
wearers, those individuals whose health, attitudes, philosophy, and adaptability make 
changes easily acceptable. These fortunate persons have little difficulty in wear- 
ing artificial dentures, even if they are not so perfectly constructed. The dentist 
also knows denture wearers who face each meal with despair and a feeling of 
futility, knowing that there will be discomfort, awkwardness, and inefficiency in 
mastication. These unfortunate patients may be loyal and-allow their dentists to 
make, remake, rebase, and adjust for years, or they may shift their mouth prob- 
lems from dentist to dentist and, if financially able, from city to city. The dental 
office is seldom the source of their ultimate relief, nor is the dental office neces- 
sarily the source of their original trouble. If relief is to come, it will usually 
follow a period of adjustment in private or business life, or it may follow psycho- 
therapy if the need for it is recognized and fulfilled. 


I wish to emphasize that good dentures, and satisfactory dentures, can be 
made by following any of the recognized and proved techniques in use today. 
The field of prosthodontics has many excellent students and teachers whose 
principles and techniques have guided us in our practices. We are deeply ob- 
ligated and grateful for these contributions, past, present, and future. At least 
part of the pleasure accompanying each successful denture can be attributed to 
the works of these outstanding men. Now this is no effort to be facetious, but 
we must recognize that if satisfactory dentures can be made by following any 
of the recognized and proved techniques, so by the same token can unsatisfactory 
dentures be made by following these same techniques. The technique may be 
entirely unrelated to the failure. (It should be noted that no one technique 
is the best for every case, and selection of the technique most suitable for the 


individual case is, in my opinion, a part of the diagnosis of a case. ) 


Read before the Full Denture Section, American Dental Association, Chicago, [ll., Sept. 15, 
1948. 
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Since the technique may be unrelated to the failure, what is the cause of 
the failure? To find the answer, we first rule out the factors and steps that are 
the least variable. That means that we will assume that the errors are not in 
the impressions, selection of materials, processing, or finishing. That will focus 
our attention on the center of our procedure, the heart of the case, namely 
vertical dimension and intermaxillary relations. In an earlier paper, I stated 
that in my hands the use of many different methods for determining vertical 
dimension produced very little, if any, measurable difference in the results.’ 
This is mentioned because I feel that the constructing of trial bases and occlusion 
rims, determining the height of the occlusion rims, and obtaining the centric and 











eccentric jaw relation registrations, prior to transferring them to an articulator, 
can be done satisfactorily by any method. We may say that through experience 
and repetition of these procedures, even though tissues and conditions vary, 
we have arrived at some standardization of our own individual techniques. The 
chief variable, therefore, is the patient, his physical and mental condition, and 
the effect one has upon the other and upon the result, which leads to its effect 
on muscular tensions. Here I refer to muscular tensions which are abnormal 
beyond the state of tonicity which maintains normal posture. 













MUSCULAR TENSIONS 






There are two factors which may influence muscular tensions. The first is me- 
chanical disharmony between the occlusion and centric jaw relation. The most 
easily recognized example is the case of the acquired or functional jaw relation 
(habit eccentric relation). When making immediate replacement dentures, we 
are warned against simply accepting the patient’s centric relation as indicated 







by the occlusion of worn, irregularyand improperly aligned teeth. Malocclusion 





during the years has often forced the mandible into an eccentric relationship 





on closing. Often one or more teeth have grooves and facets which guide the 





jaw to a lateral or protrusive position or to a combination of these two positions. 





These abnormal inclined planes usually prevent closure into a normal centric 





jaw relation. Even if this so-called locked occlusion is relieved and freed, the 





proper centric relation. does not always become manifest immediately. With 





the removal of interfering cusps, or so-called premature contacts, the muscles 





which control jaw position will usually gradually return to their normal state 
of tonus. 
It is extremely important to obtain complete relaxation of the patient before 





making jaw relation records or before attempting to locate premature occlusal 
contacts. In order to do this, I have suggested the use of a soft diet, hot wet 
packs to the jaws (fifteen minutes three times a day), and mild sedation (% gr. 
phenobarbital three times a day)." This is effective treatment to relax the pa- 
tient and the musculature. It is well to relax the patient prior to the appoint- 
ment at which centric relation is to be recorded for an immediate denture. When 
centric relation is recorded under these conditions, the finished dentures will 
not perpetuate a deformity which would exist if the functional eccentric jaw 
relation were retained. The diagnostic value of relaxing the patient is equally 
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valuable in checking finished dentures that are the cause of the patient’s diffi- 
culties. The operator who simply says “bite” to the patient, without pains- 
takingly testing the occlusion, will, more often than not, overlook the source 
of the denture trouble. A connection between some problems of occlusion and 
trismus was mentioned by Costen* as follows: ‘Various degrees of trismus have 
been observed and selected from cases being studied for neuralgia and ear symptoms 
originating in dysfunction of the temporomandibular joint. The relation of trismus 
to various reflex dental irritations has been a matter of common knowledge. 
In numerous of these examples of the milder forms, trismus was relaxed by 
simply adding support within the intramolar spaces, extending the condyle ever 
so little from its impacted position. This illustrated the action of condyle move- 
ment in producing or accentuating the reflex effects. Unilateral reflex irritations 
producing trismus contraction of the masticator muscle group on one side only, 
with incoordinate action of the chewing muscles, are constantly seen in unbalanced 
occlusion, and constitute major dental problems.” 

The muscles of mastication are not the only muscles involved. When they 
are tense beyond the state of tonicity, those muscles which influence jaw, head, 
neck, and shoulder movement may affect the patient’s posture and the ability 
to place the jaw in true centric position. 

The second factor affecting muscular tensions is psychic. The patients 
whose tensions arise from this factor may, in my opinion, outnumber those whose 
tensions arise from mechanical causes. The author is neither a psychologist 
nor a psychiatrist and has no desire to enter either of those fields. But as one 
dentist to brother dentists, let me assure you that we in our profession are 
directly concerned with the emotional state of our patients. We must know 
(1) the effects that our patients’ emotional states will have upon their adaptability 
to our dental services and (2) what body changes have taken place because of 
their emotional states. 

The alert dentist, while examining the mouth, takes time to study the pa- 
tient. If the patient shows signs of being a neurotic individual, one who complains 
of many ailments or magnifies petty annoyances, the dentist does not have to be 
a trained psychologist to know that he should avoid promising a successful case. 
Instead he will let the patient know that a great part of the burden will fall 
upon him and his ability to cooperate and adapt himself. 

The experienced dentist knows that the chances for a successful denture case 
are greatly diminished if the patient is under any sort of nervous tension. Even 
the most accomplished denture wearer will admit that when he or she is tired 
or under strain, the dentures, normally comfortable, become a foreign body, 
something to be taken out so the “mouth can rest.” 

The bodily changes due to emotions are definitely within the dentist’s field 
as far as the dental mechanism and musculature are concerned. Pages and pages 
are to be found in the literature devoted to muscular tensions resulting from the 
emotional state of the patient. Jacobson* wrote: “Muscular hypertension maj 
be manifested in the form of a certain rigidity of posture, particularly in the 
jaws. Possibly this is the feature, along with the rubicund face, that occasionally 
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suggests to experienced clinicians at a glance that a patient will show high blood 
pressure.” And “Emotions involve hypothalamic and cortical centers, but also 


peripheral localities, including all types of muscle. . . . muscular contraction 
occurs in most of the phenomena studied . . . theoretically, therefore, muscular 
elements appear in every emotion. Certain tests suggest that if the outward 
manifestations of emotion are suppressed or concealed by the individual, the 
effective phenomena are all the more increased.” 

The case of a patient I saw recently will illustrate bodily changes resulting 
from muscular tensions. A strong emotional disturbance was suspected so I 
suggested that the patient consult a psychologist who was particularly well 
qualified to assist in personality and adjustment problems. The patient saw 
the psychologist once but refused to cooperate with him. I then made my great 
mistake. I decided to construct the dentures, knowing that my patient needed 
psychotherapy and knowing that it had been refused. When this patient was 
calm and relaxed, the teeth were in centric occlusion when the jaws were in 
centric relation. In other words, the centric relation was correct. A _ few 
hours later, however, the teeth, now on one side and now on the other, would, 
touch prematurely. Sometimes only a cuspid would be in contact. If grinding 
was done to relieve premature contacts, the relief was temporary. It would 
be effective only until muscular hypertension occurred in a different muscle. The 
case ended disastrously with a loss of time and money for both the patient and 
me. Everyone concerned was unhappy. The psychologist’s report was that he 
felt the patient was concealing or suppressing any outward manifestation of 
some emotional state. I learned my lesson. When the patient refused psycho- 
therapy, I should have refused to construct the dentures. 

Posselt* of Copenhagen referred to ‘“‘Karolyi’s phenomenon” or bruxism 
which is the grinding and clenching of the teeth. He concluded that this phe- 
nomenon may be part of a nervous muscle tension of a more general character. 
He added’: “The latter may often be relieved or cured through muscular exer- 
cises aiming at relieving nervous and muscular tension.” 

In discussing bruxism, Boyens® said: “Many times we are asked, ‘What 
is the cause of this nervous manifestation?’ The causes seem to be varied, but 
we may make the broad assertion that any physical discomfort (including dental) 
or mental unrest may be a cause.” 

A patient recently complained of pain in the temporomandibular joints and 
demonstrated very limited movement, a one-quarter inch opening of the jaws 
in the anterior region being the maximum limit. A deep vertical overlap caused 
a posterior displacement of the condyles within the joints. There was no 
previous similar history, though the patient is 32 years of age and always had 
the overclosed vertical relationship. Part of my history taking was inquiry as 
to what recent changes had taken place in her life which would introduce emotional 
changes and their parallel tensions. Her reply was that a sudden and unexpected 
business reverse had upset the entire family. She had been awakening several 
times during each night with her teeth clenched and had been unable to. go 
back to sleep until she was exhausted. I talked the situation over with the 
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patient, her husband, and her mother. For one week she was relieved of house- 
hold duties and was allowed to relax with walks and light reading. She was 
given % gr. phenobarbital three times a day and hot packs on the jaws. She 
followed a liquid diet. At the end of one week, all symptoms were gone. The 
patient was then relaxed so I was able to obtain the proper jaw relations. A 
few premature contacts were then removed. No symptoms returned, nor should 
they unless she again loses her emotional stability. A few years ago I would 
have advised early rebuilding of the occlusion for permanent correction, since 
overclosure held under pressure for long periods of time either forces the condyle 
to enter pain-generating areas or the premature occlusal contacts trip the con- 
dyle heads into these areas. Complete reconstruction would undoubtedly have 
given complete relief. Today, however, I am delaying changes in vertical dimen- 
sion at least until an effort is made to relieve nervous tensions because symptoms 
sometimes disappear with relaxation. Apparently the solution to the patient’s 
conflicts results in relaxation. 

Herrington’ wrote: “The disturbances of function, resulting from a condi- 
tion of prolonged nervous tension or non-adjustment, show themselves in a wide 
variety of pathological phenomena which may be classified as one of four different 
kinds: (1) disturbances of sense-perception, (2) disturbances of body health, 
(3) disturbances of thought, (4) disturbances of feeling and action. Conditions 
of non-adjustment occur in the lives of all of us and so we all suffer in a greater 
or lesser degree from these four kinds of ill effects to which they give rise. In 
certain cases, owing either to the greater duration or severity of the strain to 
which the individual is subjected, or to his lesser ability to bear up under it, 
or to a combination of these two causes, they become so pronounced that they 
impress people as being something strange and unusual and so it is assumed 
that they must be caused by a disease of some sort.” 

The psychologic approach which recognizes evidences of neuromuscular ten- 
sions and uses relaxation exercises in treating the patient should appeal to the 
dentist. Dunbar’ quoted Ferenzi as pointing out “the regular parallelism of 
motor innervations with the psychic acts of thinking and attention” and 
the different ways in which “psychoanalysis could assist substantially in clearing 
up these complicated relations between psychic activity and muscle innervation.” 
And from a later article, “I have learned it is sometimes useful to advise relaxa- 
tion exercises, and with this kind of relaxation, it is possible to further the 
overcoming also of psychic inhibitions and resistances to association.” 

The value of relaxation is again brought out by Jacobson’ in the preface 
to his book: “Oddly enough, in spite of the apparently vast importance of rest 
and though several books have been written on the subject, the field has remained 
practically unexplored from a_ scientific standpoint.” With regard to mental 
activities and emotions Jacobson found that “with progressive muscular relaxa- 
tion . . . thought processes and emotion gradually diminish” and that “an 
emotional state fails to exist in the presence of complete relaxation of the 
peripheral parts involved.” Then said Dunbar*®: “The fact should be borne 
in mind that changes in muscle tonus are among the most frequent mechanisms 
of psychic expression, and that (whether they be primary or whether they develop 
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as a reaction to a local somatic disturbance) they are amenable to psychotherapy 
or methods of relaxation.” She concluded: “. . . this is a field in which parallel 
studies of physiologic and psychologic aspects of muscle spasm are particularly 
needed.” 

In the face of these accepted psychosomatic relationships, we dentists are 
very bold when we start building dentures after only a five- or ten-minute 
introductory conversation with a new patient. If prior to the second or third 
visit, we tell our assistant, “This visit won’t take more than ten minutes; I’m 
taking the bite,” we may be underestimating the problem. Remember, the most 
refined and beautiful intra- or extraoral tracing equipment, set into the sturdiest 
and most accurately fitting occlusion rims, can register a needle-point tracing 
that is entirely incorrect if there is trismus or uneven tension in the musculature. 
I look back on my school clinic days when there were a dozen or so prosthetic 
patients in a small crowded space. Students were milling around looking for 
equipment, looking for instruments, looking for instructors, while they were 
looking for centric relation. In this rush and confusion what chance did the 


poor patient have of relaxing and making possible a proper jaw registration ?. 
No wonder the completed cases contacted prematurely in the molar region. 
The students blamed this failure on their flasks not being closed. Many of these 
errors may have been due to the lack of psychologic control of the patients. 


Relaxation is essential to the proper registration of intermaxillary relations. 

We must combine psychologic treatment with our dental service. Descartes, 
the French philospher, wrote appropriately: “If therefore, anyone wishes to 
search out the truth of things in serious earnest, he ought not to select one 
special science; for all the sciences are conjoined with each other and _ inter- 
dependent ; he ought rather to think how to increase the natural light of reason, 
not for the purpose of resolving this or that difficulty of scholastic type, but 
in order that his understanding may enlighten his will to its proper choice in 
all the contingencies of life. In a short time he will see with amazement that 
he has made much more progress than those who are eager about particular 
ends, and that he has not only obtained all that they desire, but even higher 
results than fall within his expectation.” 
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FUNDAMENTAL PRINCIPLES OF FULL DENTURE 
CONSTRUCTION 


LEONARD S. FLETCHER, D.D.S. 


Castle Shannon, Pa. 


N ORDER to construct a set of dentures scientifically, the fundamental prin- 
I ciples upon which full denture construction is based must be thoroughly under- 
stood. <A successful prosthesis can almost be assured if the following points are 
observed: (1) surgical preparation of the mouth, when it is required, (2) proper 
fitting of the trays, (3) lining of baseplates with tin foil and zinc oxide paste, 
(4) proper impression making of the denture-supporting tissues and considera- 
tion of the anatomic landmarks, (5) reinforcement of the posterior part of the 
upper baseplate and the crest of the ridge of the lower baseplate, (6) correct 
vertical dimension and balanced occlusion, (7) use of the right shade and mold 
of teeth, (8) correct extension of the denture with a well-rounded periphery, 
(9) tin-foiling of the waxed setup, (10) proper control of the processing tempera- 
ture, and (11) proper education of the patient before services are begun. 


ANATOMIC LANDMARKS 


Proper recognition must be given to all landmarks on or adjacent to the sup- 
porting tissues, especially those which tend to increase or decrease retention, 
stability, function, and esthetics. A knowledge of the origin, location, and action 
of the muscles of mastication is also very helpful. 


The following landmarks should be well defined on the upper impression: 
(1) the labial frenum, (2) the median groove, (3) the hamular notch (most 
important of all), (4) the median spine (if present) at the post dam, (5) the 
junction of hard and soft tissue, (6) the postseal area, (7) a definite outline of 
each tuberosity, (8) the buccal groove, and (9) the incisive and greater palatine 
foramina, which should be marked on the impression for the proper relief. 

Important landmarks on the lower impression are: (1) the labial and lingual 
notches, (2) the groove of the anterior fibers of the buccinator muscle, (3) the 
masseter groove, (4) the retromolar fossa, (5) the sublingual fossae, (6) the 
internal and external oblique ridges, and (7) the retromolar pad. The mental 
foramen should also be pencil-marked on the impression for relief. 

Of course, perfect impressions alone will not produce good dentures if the 
occlusion, vertical dimension, phonetics, esthetics, and so forth are neglected. 
One factor is as important as the other. 


Read before the meeting of the American Denture Society, Boston, Mass., August, 1947. 
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RETENTION 


Retention can always be obtained by a peripheral seal or overextension with a 
closed vertical dimension. This type of retention is undesirable, however, as it 
does not last. A denture has good retention when it is loose but remains in place 


during mastication, smiling, yawning, and other movements. The retention is 
lasting when there is no strangulation or overcompression of tissue to interfere 
with the circulation and cause rapid recession of the denture-supporting tissue. 

Additional aids to good retention are correct vertical dimension, correct ex- 
tension of flanges, proper relief on the hard areas, the blood vessels, and nerve 
supply, correct thickness of the periphery of the flanges with well-rounded mar- 
gins, and concave flanges on the lower denture, especially the lingual flange. 


STABILITY 


Factors decreasing stability are soft, flabby ridges, hypertrophied tissues, poor 
occlusion, over- or underextension of the flanges, improper thickness of the flanges, 
poor adaptation, and improper relief. These defects should be corrected for the 
increase and maintenance of stability. Properly balancing the occlusion and set= 
ting the teeth on the ridge will also increase stability. 


FUNCTION 

The nearer the artificial teeth are set to the same ridge relationship as the 
natural teeth, the better they will function. An exception should be made when 
the vertical angulation of the lower natural anterior teeth is too far off the crest 
of the lower ridge, owing to the malformation of the jaws or the early loss of some 
of the permanent teeth. The horizontal overlap of the upper teeth must not be so 
great that it will interfere with the incising of food. The lower teeth, especially 
the lower anteriors, must be set on the crest of the ridge. 


ESTHETICS 


The esthetic requirements for a denture are correct median line, proper 
shade, form, and size, proper length and height of the anterior teeth, correct ver- 
tical dimension for the anterior and lateral profile, the use of lateral incisors of a 
different mold than that of the central incisors and cuspids, staggering certain 
teeth, the use of two or three different shades of anterior teeth, and the use of a 
darker shade for posterior teeth when many are visible. 


PATIENT EDUCATION 


It has been my experience that the more the patient is taught about his oral 
condition, denture requirements, and what to expect following the extractions, 
the more cooperative and better satisfied he will be. If he is informed of when and 
why his dentures should be relined or altered to compensate for change in the 
denture-supporting tissue and to restore the loss of function and change in pro- 
file, the more willingly he will return for correction of the new replacement. 
Patients appreciate information and instructions. 
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Preliminary dealings with the patient frequently enable the dentist to deter- 
mine the mental attitude and type of patient he must treat. The following items 
constitute the schedule for the first appointment: (1) the case history, (2) a 
radiographic examination of the teeth, (3) impressions for record or study casts, 
(4) if the patient is edentulous, impressions for the making of individual trays, 
(5) a general examination of all visible tissues within the oral cavity, (6) the 
making of four photographs and recording of facial dimensions on the profile 
chart, and (7) the distribution to the patient of a sheet of information and in- 
structions on dentures. ; 

At a second appointment, the record or study casts are mounted on an articu- 
lator to amplify any further discussion with the patient. If no surgery is required, 
the rigid individual trays are ready for the making of the final impressions. The 
radiographs are mounted and shown to the patient. A definite type of denture 
construction with materials (metal or plastic base, porcelain or plastic teeth or 
a combination of both, as required) is decided upon. Finally, the fee is estab- 
lished, and the terms of payment are arranged. After the impressions are made, 
the patient is given a card with future appointments listed. 


SURGICAL PREPARATION 


If surgical preparation of the jaws is required, it usually deals with the fol- 
lowing: (1) the reduction of large or low tuberosities, (2) the severing of labial 
or lingual frenula, (3) the reduction of soft, flabby ridges, (4) the reduction 
of hard, knifelike edges or narrow, cordlike lower ridges, or saw-toothlike pro- 
jections of the alveolar process on the crest of the lower ridge, (5) the elimina- 
tion or reduction of muscle attachments at the crest of the ridge if they interfere 
with denture stability or retention, (6) the raising or lowering of the muco- 
labial or the mucobuccal fold, (7) the reduction of the buccal plate of the superior 
alveolar process to obtain good occlusion, (8) the reduction of the superior al- 
veolar process for esthetics, and (9) the reduction of the entire maxillary ridge to 
improve esthetics, function, and occlusion. 


IMPRESSION TECHNIQUE 


Impression making is a very important part of full denture construction. It 
may spell the success or failure of the final prosthesis. 

In order to make a good impression, the tray must be rigid to the extent that 
it will fracture before it will bend. It must be of sufficient size to cover all the 
denture-bearing tissue, without too much overextension, and must be correctly 
trimmed so as not to impinge on any muscular moving tissue except to provide 
for a slight overextension at the post dam area and to extend slightly beyond the 
hamular notch in the upper and the lingual frenum in the lower tray. The tray 
should also have enough clearance over the incisive and greater palatine foramina 
to prevent any pressure on the blood vessels and nerve supply. 

In muscle trimming as well as in the completion of the upper impression, the 
direction of the insertion and pressure should, if possible, be at right angles to 
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the crest of the ridge or the rugae. By no means should the tissue under the 
labioperiphery of the tray be overcompressed. If the completed dentures have a 
lighter contact in this area than that of the impression, the retention will be lost. 

The distal end of the lower tray should always be extended over the retro- 
molar pad with plenty of relief so that the tissue is not distorted in the completion 
of the impression. This extension on the completed denture is more valuable 
than the second molar teeth. The ball of the impression material on the pri- 
mary impression which extends below the distal margin of the mylohyoid ridge 
into the lateral throat pocket should be trimmed off flat as the tray must have 
sufficient clearance in this area to prevent overcompression of the tissue by the 
final impression material. 


IMPRESSION PROCEDURE 


A snap cast is made from a good modeling compound impression that is 
slightly overextended in all directions. The extension to which the tray base 
is to be adapted is then outlined in pencil on the snap cast. The tray is tried in 
the mouth and checked for overextension. The trays are then muscle-trimmed in ° 
the mouth with a low-fusing modeling compound. 


UPPER IMPRESSION 


The modeling compound across the posterior margin, or post dam area, of 
the upper impression should extend distally about 3 mm. beyond the distal margin 
of the completed denture. Care must be taken to include the entire hamular 
notch and the tuberosities. The muscle-trimmed tray is checked in the mouth, 
and corrections are made. 


Then the impression is completed with an impression wax or a zine oxide- 


eugenol impression paste. The tray containing the impression paste is seated and 
held in position with moderate pressure. This pressure must not be sufficient 


to expel all the impression paste or wax from underneath the tray and must be 
applied at right angles to the crest of the ridge. After three minutes the impression 
is removed from the mouth. 

The tray is relieved in small areas where it shows through the paste. If much 
of the tray is visible through the paste, a new impression is made. 

When the impression is acceptable, the post dam area in the mouth should 
be dried with a cotton pad, and the junction of the movable tissue with the hard 
palate is marked with an indelible pencil. The indelible markings are transferred 
from the tissue to the impression. The upper impression is then ready to be boxed 
in and poured. 


LOWER IMPRESSION 


For making the lower impression, the tray, correctly trimmed, should lie 
on the ridge, not have retention, but remain fairly well in position when the mouth 
is opened wide and when the tongue is protruded, elevated, or extended out of 
either corner of the mouth. 
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The modeling compound should be added on the lingual surface of the tray, 

on both sides at the same time, from the distal end to the first molar area. It is 
resoftened with a hand torch, tempered in warm water, and inserted. It is then 
held in place while the patient is instructed to make all movements possible with 
the tongue in order to roll the excess modeling compound around the rim of the 
tray. The tray is removed, and the excess modeling compound is trimmed off. 


Modeling compound is now added from the first molar area to the cuspid area 
on both sides. When this area of impression is completed in the mouth, the 
modeling compound is added from cuspid to cuspid, heated, tempered, and in- 
serted. The tray is removed, and the excess modeling compound is trimmed away. 


As this completes the muscle trimming on the lingual surface of the tray, 
the buccal and labial flanges are then muscle-trimmed in sections in the same 
manner. The muscle-trimmed tray receives the zinc oxide-eugenol paste, and 
it is carried to the mouth and seated with moderate pressure at a right angle to the 
crest of the ridge in the bicuspid and molar area. 


The impression is removed and inspected. The ragged edges are trimmed 
off, and the impression is boxed in and poured with stone. 


Note: Adding the modeling compound to both sides of the tray at the same 
time allows the tray to be centered on the ridge. If it is added to one side 
only, the tray is forced to the opposite side, and, when the compound is added to 


the second side, the tissue under the area first completed is overcompressed. 


CAST AND BASEPLATES 


After the casts have been recovered and are trimmed, the extension of the 
denture is outlined on them with a pencil. A piece of tin foil 0.001 inch thick 
is burnished on the upper cast and then laid aside while a baseplate is adapted 
to the cast. When the latter is removed, the foil is replaced. Then, zinc oxide- 
eugenol paste is mixed, spread thinly on the cast side of the baseplate, and pressed 
over the tin foil on the upper cast. A piece of reinforcement wire is contoured, 
heated, and pressed into the baseplate across the post dam area. The same pro- 
cedure is used on the lower cast and baseplate except that the wire is pressed 
into the baseplate on the lingual side of the crest of the ridge from molar to molar 
area. 


The lined baseplate will now fit the mouth as perfectly as the completed den- 
ture and will not slide out of position while the vertical dimension is being re- 
corded. When the casts are mounted on the articulator, they will set perfectly 
into the baseplates and thereby prevent a distorted mounting. The incorrect 
mounting of casts on the articulator is responsible for the necessity for grinding 
off much of the cusps of the teeth to establish a balanced occlusion. 


Hard wax occlusion rims are made next and are attached to the baseplates. 
The labial surface of the upper occlusion rim should always slant forward from 
the periphery toward the incisal edge in order to give the lip the proper contour. 
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POSTSEAL OF UPPER DENTURE 


I prefer to extend the posterior margin of the upper denture as far distally 
from the junction of the hard and soft tissues as the tissue will tolerate. As a 
substitute for adding wax on the post dam area of the impression or scraping the 
cast, I cut a round groove into the cast about 1 to 1.5 mm. deep from the hamular 
notch on one side to the hamular notch on the opposite side. This will produce 
a beading on the finished denture that will aid in preventing the denture from 
sliding forward, which would cause the seal to break at the labial frenum. 


PopLaR STREET 
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THE NATURE OF THE PARTIAL DENTURE FOUNDATION: 
SUGGESTIONS FOR ITS PRESERVATION 








M. M. DeVan, D.D.S. 






Professor of Prosthetic Dentistry and Chairman of the Prosthetic Department, 
University of Pennsylvania, Philadelphia, Pa. 






HIS paper may well begin by quoting a layman’s definition of a partial den- 
(Gee a layman with personal experience and charming wit, who said: “A 
partial denture is a device for losing one’s teeth slowly, painfully, and expensively.’ 

Such remarks are suggestive of some measure of dissatisfaction with some 
partial dentures—a dissatisfaction based on their lack of comfort, their cost, and 
their lasting qualities. Let us inquire into the nature of the partial denture founda- 
tion with a view to finding ways and means of constructing dentures that are 
simple in design, function comfortably, and help to preserve the structures of the 











supporting tissues. 
We have a dual task to perform in a mouth which requires a partial denture, 
(1) to support the remaining teeth and (2) to supply substitutes for the miss- 







ing teeth. 

Our quest is for information calculated to aid in the preservation of oral 
health and the provision of means for maintaining adequate oral function. In 
coping with this problem, it may be helpful in the beginning to realize that a 
mouth needing a bilateral partial denture is in a state of mutilation, that certain 
buttresses erected by nature to oppose muscle force have been irretrievably lost. 
Structure has been altered, and we may, in conformity with Cope’s theory of 











kinetogenosis, expect certain changes in motion and function. 

Seen in this light, our task is not to try to maintain function, in scope, degree, 
and direction, as it had been prior to the mutilation, but rather to preserve what 
remains of the oral mechanism. Our problem becomes essentially one of engineer- 








ing, more specifically of structural engineering. The basic question is this: 
Given this foundation and these means of employing it, what design of partial 
denture will best preserve the abutment teeth and the edentulous ridges? 








What occlusal pattern, what ‘retainers, what stabilizers, what connectors, 






compatible with esthetics and adequate function, would best preserve the in- 





tegrity of the periodontal membrane with its enveloping alveolar bone and _ the 






mucoperiosteum with its underlying bone? 

To state it in other words, our design strategy should strive to maintain 
the normal width and rigidity of the periodontal membrane and the muco- 
periosteum, for it is by means of these two essentially connective tissue mem- 
branes that muscular force is transmitted as pressure upon alveolar and_ basal 
bone. If force can be transmitted to bone with minimum displacement of the 
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periodontal membrane and the mucoperiosteum, then the load upon alveolar and 
basal bone will be predominantly compressive. In dealing with the preservation 
of osseous tissue, it is well to keep in mind that bone in itself is passive; it reacts 
but does not act. Deposition and resorption are accomplished by the associated 
connective tissue.’ 

The nature of the foundation in complete and partial dentures has not had 
sufficient mechanical and mathematical analysis. Biologic and psychologic factors 
have confused our thinking. The fact that these appliances utilize a psychosomatic 
foundation has made it difficult to isolate and formulate principles. It would 
be helpful to have outsiders consider our field, men without our prejudices and, 
I might add, without our dental common sense, men equipped with mathematical 
and mechanical techniques of analysis. 

Such an approach has been made by Synge, a mathematician of Toronto, 
working with Box, the periodontist. He has given the subject matter of the 
mobility of teeth mathematical analysis. Using the rigidity of rubber (230 
pounds per square inch) as the rigidity of the periodontal membrane, Synge has 
calculated that for a conically shaped root it would take an axial load of 1,300 
pounds and a transverse load of 21 pounds to effect a displacement of 1/1000 
inch. 

From these figures we can conclude that a transverse force of one pound 
would cause the same amount of displacement that an axial force of 61 pounds 
would cause. In later experiments utilizing the periodontal membrane of the 
incisor teeth of young calves and lambs, this differential in favor of axial loading 
was reduced from 61 to 17.4 pounds. 


It was found that 90.5 pounds of axial load and 5.2 pounds of transverse 
load resulted in the same amount of displacement, 1/1000 inch. 


Except for the writings of Dyment,’ Gable,” and the author,” there has been 
little mention of Synge’s new theory to account for the tightness of teeth in 
health and the mobility of teeth when the periodontal membrane is congested. 
According to Synge, the increase in displacement of an incompressible mem- 
brane placed between two rigid bodies is directly proportional to the cube of the 
increase in thickness or cube of the decrease in rigidity. This theory better 
explains what we have observed clinically than does the fiber theory advanced 
by some dental investigators. 


The new theory holds that when an axial force is applied to a tooth, the 
enveloping bone is subjected essentially to compression, not tension, as the fiber 
school maintains. This appears the more reasonable viewpoint on account of the 
high water content of the periodontal membrane. The laws of hydrostatics tell 


us that any substance, no matter how fluid when enclosed in a rigid container, 
takes on the same rigidity as that container. Thus the periodontal membrane, 
provided it is completely contained, would under these circumstances become 
as rigid as bone. It is probably safe to say that the muscles of mastication can- 
not deliver enough force in an axial direction to a tooth to displace it appreciably, 
and in the absence of displacement, the periodontal membrane assumes the rigidity 
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of its containers, bone on one hand and tooth on the other. Under these cir- 
cumstances, the pressure upon periodontal membrane and alveolar bone must be 
essentially compressive. 

When stress is transverse to the long axis, mixed pressures arise, tension, 
shear, and compression. The reason for this is that a tooth manifests far less 
inertia to transverse loads than to axial loads. Many perplexing and puzzling 
problems in restorative dentistry have been cleared up in concept for me by the 
application of Synge’s law; namely, the increase in displacement of an incom- 
pressible membrane placed between two rigid bodies is directly proportional 
to the cube of the increase in thickness or cube of the decrease in rigidity. 

[ was in a quandary trying to understand how an abutment tooth got so 
loose when its periodontal membrane became congested and how it became firm 
again when the inflammation cleared up. Any congestion of the periodontal 
membrane would tend to increase its thickness and decrease its rigidity. <As- 
suming that a unit of force would displace the periodontal membrane 1/1000 
of an inch, the same force following a twofold increase in thickness would dis- 
place a tooth eight times as much, or 8/1000 of an inch. Assuming again that 
the same periodontal membrane became twice as thick and half as rigid, its dis- 
placement by the same force would be twenty-seven times as much, or 27/1000 
of an inch. 

This consideration, when coupled with the following, becomes impressive ; 
namely, that 90 pounds of axial load will result in no greater displacement of the 


periodontal membrane than 5 pounds of transverse load. Thus, the inertia of 


the periodontal membrane to an axial load is seventeen times as great as it is to a 
transverse load. 

Under these circumstances, it woulid appear that one is improvident and 
careless (when extensive partial denture procedures are planned) not to reduce 
the main source of the transverse stress component in mastication, namely occlusal 
and incisal incline planes. 

While bone has the capacity of counteracting all types of stress, a little re- 
flection given to its composition will make obvious the fact that osseous tissue 
is more counteractive in compression than it is in tension or shear. It is com- 
posed of approximately 33 per cent organic matrix, which confers toughness, 
and 67 per cent inorganic salts, which impart hardness. The crushing strength 
of bone is greater than its tearing strength. This is especially true of cancellated 
or spongy bone. Alveolar bone can physiologically counteract more pounds 
of pressure when it falls as compression than as tension or shear. Osseous stress 
counteraction is through the medium of its adjacent connective tissue, the periodontal 
membrane around the natural tooth, the mucoperiosteum underneath the artificial 
tooth. Connective tissue is practically incompressible, but a transverse or hori- 
zontal force will easily displace it. An axial or vertical force in the presence of 
confining lateral walls will not appreciably displace the periodontal membrane 
or the mucoperiosteum.° 

Following displacement, alveolar bone counteracts a mixed force, tension, 
shear, and compression. Granted the presence of lateral confining walls, a force 
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vertically or axially applied, axial to the tooth, vertical to the ridge, within 
the confines of the stress area of tooth or ridge will fall essentially as compres- 
sion upon alveolar bone.’ 

This describes our general thought; given a mouth needing a bilateral par- 
tial denture, let us now consider what specific steps we can take to reduce mobility 
of the remaining teeth and increase the stability of the artificial teeth. 

We would suggest the following occlusal changes in the remaining natural 
teeth: (1) Reduce cuspal, articular, and incisal inclines. Where the reduction 
cannot be carried to zero, the inclines that remain should be harmonious and of 
equal degree in each sector with no sector possessing a degree of pitch that would 
not allow functional contacts of other sectors. (2) Drastically reduce contact 
areas with the object in mind of exchanging speed of mastication for reduced 
pressure. (3) The occlusal surfaces of any one side should be made a gradient 
so that the canines, premolars, and molars will be in simultaneous contact during 
the working occlusion. 

Destruction or reduction of the cuspal incline will prove helpful in the an- 
noying problem of wedging and sifting the remaining natural teeth. Where 
molars and premolars have lost adjoining members, it is difficult to keep them 
in proximal contact in the presence of plungerlike opposing cusp forms. 

The occlusal changes can be effected in three ways: (1) through selective 
grinding of overlapping cusps and incisal edges, (2) by onlays on the remain- 
ing teeth, and (3) by inlays in the teeth. Usually all three methods are com- 
bined in treating a specific mouth. 

1. Grinding alone is the simplest procedure. Its drawbacks are: (a) the 
teeth are sensitive, (b) the teeth may be rendered esthetically too short, and 
(c) the normal convexity of the occlusal surface (the occlusal cone) is destroyed. 

2. Onlays in the central sulci of the remaining teeth are an economical and 
satisfactory means of reducing inclines. An increase in the vertical occlusal di- 
mension is thus effected while at the same time the cuspal inclines are rendered 
nonfunctional. Partial dentures carrying onlays on the remaining teeth should 
always precede complete mouth rehabilitation with fixed inlays. Onlays are 
usually provisional, but for the sake of economy or dread of operative procedures, 
they may be worn for prolonged periods. 

3. Inlays in the remaining teeth to build them into a gradient constitute 
probably the ideal procedure. These inlays where they are not joined to other 
inlays to form a fixed splint should carry a box-shaped recess to receive an 
occlusal stabilizer from the partial denture. 

To increase the stability of saddle or artificial teeth, we would suggest the 
following: (1) The form of the teeth should not contain cuspal inclines. (2) 
The arrangement of the teeth should be devoid of articular inclines. (3) The 
placement should be within the ridge crest. (4) The size buccolingually should 
be constricted. (5) The teeth may be reduced in number. Everything should 
be done to retain and stabilize free-end saddles so that they can stand on their 
own foundational feet. Of course, saddles should be joined to the remaining 
teeth thru connectors, retainers, and stabilizers, but the presence of natural teeth 
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ought not to be any excuse for setting saddle teeth out of foundational bounds. 
Only a free-end saddle that retains its position and functions on its own should 
be joined to the remaining teeth; when this is done, the stability of both saddles 
and natural abutments is increased through mutual support, the result being that 
the teeth not only support the appliance, but in turn are supported by the appli- 
ance. 

Let us now proceed from the discussion of the occlusal pattern to a con- 
sideration of retainers, stabilizers, connectors, and the use of auxiliary abutments. 
Let me again emphasize the point that our objective is to discover ways and means 
of preserving the partial denture foundation. 


RETAINERS 


A partial denture may be retained by five means: (1) by contacting abut- 
ments below the survey line, evoking the forces of spring tension and statics, 
(2) by contacting two or more parallel surfaces, evoking frictional force, (3) by 
reproducing minute tissue detail in saddles and connectors, thereby inducing 
the force of adhesion or interfacial surface tension, (4) by beading, sealing, 
and use of relief chambers, thereby evoking the force of atmospheric pressure, 
(5) by weight (in lower dentures), inducing the force of gravity. 

Spring tension by the use of resilient clasp arms is the most positive and 
simplest means of securing retention. Yet it is the most dangerous to the wel- 
fare of the abutment periodontal membrane. Clasp arms increase the degree 
and frequency of periodontal displacement. They should be used sparingly, pref- 
erably with a single bearing on each abutment. Other means of securing reten- 
tion should augment the use of clasps, such as contacting two or more parallel 
surfaces and reproducing tissue detail in saddles and connectors. 

While all types of clasps are objectionable, the least harmful is the infra- 
bulge embrasure saddle clasp. 

Sometime ago the idea occurred to me that all prevailing clasp designs could 
be placed in one of two major groups:* (1) the suprabulge design and (2) the 
infrabulge design. More scientific terms could be coined, yet I doubt that they 
would be so descriptive or comprehensive to the average man. The supra- 


bulge group includes all circumferential clasps, such as the vertical, diagonal, and 
horizontal clasps; the infrabulge group includes the Bonwill, Roach, and em- 


brasure saddle designs. 

With the suprabulge design, the clasp arm approaches the plane of under- 
cut from above, traversing the occlusal cone area of the abutment tooth. The 
infrabulge type approaches the plane of undercut from below, coming up from 
the region of the saddle. Direction is reckoned with the cast in hand and not 
as seen in the mouth. In an excellent article, Stone’ has described a hitherto 
unobserved factor in retention. He has named this force “tripping action”; 
when evoked, it impedes the movement of a clasp to or from its bearing. His 
tests revealed that under certain circumstances an increase in magnitude of force 
of as much as 143 per cent is needed to push the same clasp over the same bulge 
as to pull it over. 
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This information has an important application relative to the retentive merits 
of suprabulge and infrabulge clasps. The inclination of the clasp arm of a supra- 
bulge retainer is such as to require its being pushed into place and pulled out of 
position. As a consequence, more force is needed for insertion than removal. 
On the other hand, the inclination of the clasp arm of an infrabulge clasp is such 
that it must be pulled over the bulge of the tooth and.pushed off it. It follows 
that infrabulge retainers better resist dislodging vertical forces since more effort 
is required to remove than to insert. 

Besides greater retention for a given undercut plane because of tripping 
action, the infrabulge design is more passive in its relationship to the abutment 
tooth during use of the partial denture. In fact, it would seem that the undercut 
bearing is active principally during insertion and removal. It is entirely passive 
during rest periods. Just how active it is during mastication depends on the 
type of occlusion. When the occlusal pattern is devoid of inclines of form and 
arrangement, its passivity is greatest. I agree with Steffel” that passivity of 
retainers is a quality greatly to be desired. Our clinical observation supports 
our reasoning; namely, that the periodontal membrane fares best in the absence 
of buccolingual bearings on abutment teeth that face free-end saddles. 


A few words follow about the embrasure saddle clasp, an infrabulge design 
which we have employed in practice for the past twenty vears. The development of 
this clasp was an attempt to retain the advantages of the Roach bar design while 
eliminating its undesirable features, such as its outspreading clasp bars and the 


necessity for mucosal relief. The clasp arms of an embrasure saddle design are 
more nearly contiguous with the saddle or pontic tooth and usually occupy the in- 
terproximal embrasures. The proximal surfaces adjoining the saddle are gener- 
ally employed with spring tension clasp arms. 

All this makes for a design that in its compactness and snugness somewhat 
approaches the partial denture made with precision attachments. Within the 
scope of this paper no more can be said about this interesting and serviceable 
clasp design. 

STABILIZERS 


The necessity of making partial dentures removable and at the same time 
functionally fixed creates a circumstance nature never had to confront with 
the natural teeth. The dentist must secure the stability and retention of his 
appliances through tooth and tissue bearing alone. He cannot dig for anchor- 
age, as nature does, into a three-dimensional osseous mass. The confinement 
to the surface of a solid for support, without permission to penetrate, not only 
renders difficult the retention of the supplied teeth, but also the stabilization 
of them in function. 

It may add to clarity at this time to differentiate the role played by stabilizers 
and retainers. The function of a retainer is to resist countersaddlewise vertical 
forces, such as the force of gravity in an upper partial denture and the pull of 
sticky foods. The role of stabilizers, on the other hand, is to resist saddlewise 
vertical forces as well as all horizontal forces. 
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A well-adapted saddle or connector plays a dual role. It functions as a 
stabilizer when it resists vertical saddlewise forces, and it functions as a retainer 
when it offers resistance to the pull of gravity and sticky foods. It goes without 
saying that a stabilizer that does not in a measure retain, or a retainer that does 
not in a measure stabilize, is nonexistent. 

However, it is helpful to keep these two functions separately in mind, for 
the reason that it is possible for an appliance to possess too much retention while 
theoretically at least an excess of stability is inconceivable. 

One cannot think about this subject without mentioning the name of Bon- 
will” who, as far back as 1899, recognized the dual role played by a clasp unit, 
namely, to stabilize as well as to retain. 

It was Bonwill who first recorded the use of tooth surfaces as bearings to 
stabilize as well as to retain the partial denture. The so-called occlusal rest was 
the result of this concept. The exposition of the following principle in Bonwill’s 
design is of tremendous clinical value, and to my knowlegde it has gone unrecog- 
nized. Bonwill usually disunited his stabilizers from his spring tension retainers 
and joined them separately to the denture base. His use of semiresilient lugs to 
unite clasp arms to the saddle makes the design infrabulge. The resiliency of the 
uniting lugs made it possible for Bonwill to utilize the more effective mesial and 
distal undercuts. 

A major shortcoming of suprabulge retainers, especially the circumferential 
cast clasp, is that the clasp arms arise from, and are joined to, the occlusal rest. 
As a consequence, spring tension retainers may interfere with the proper func- 
tioning of the stabilizers, whereas with the infrabulge design one is assured 
of noninterference of clasp arms with final seating of occlusal rests. 

This condition is of utmost importance, for, unless the appliance is fully 
seated with all stabilizers in contact, the resilient retainers during function may 
cause an incessant stream of transverse stresses to fall on the abutment teeth. 


CONNECTORS 


The primary purpose of a bilateral design may be said to be the following: 
while function is occurring on one side, support is provided from the other side. 
Otherwise two separate unilateral appliances would be simpler to plan and less 
cumbersome to construct. Thus, when a partial denture is designed to be bilateral, 
the use of resilient connectors will do much to defeat the primary purpose. The 
use of thin acrylic resin or thin resilient metal has too often been instrumental 
in destroying abutment teeth. Schuyler” has repeatedly emphasized the im- 
portance of rigid connectors if full advantage of bilateral support is to be had. 
A rigid, metallic framework will do much to render stress distribution bilateral 
and thus aid in preserving the partial denture foundation. Resilient connectors 
are sometimes employed because of the problem presented by diverging and con- 
verging abutments. The use of a cast surveyor will do much toward the dis- 
covery of a path of appliance insertion that will enable one to harness with rigid 
connectors suitable undercuts of nonparallel abutments. Broad ribbonlike con- 
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nectors are preferable to narrow thick bars, especially when the area covered is 
in more than one plane. A tortuous surface confers more rigidity than a plane 
surface for each given unit of mass and coverage. 


In the case of a bilateral maxillary appliance, it has always appeared to me 
as improvident to fail to utilize the middle third of the hard palate as a bearing 
for support by placing a broad connector across it. This portion of the hard 
palate has much to commend its coverage. It is composed of stable membranous 
bone covered with a thin layer of rigid mucosa. Its surface is advantageously 
tortuous with a large area horizontally inclined. Since the main masticatory stress 
component is vertical, a horizontally inclined base is ideal for stability.* The 
literature on partial denture design contains many references to the undesirability 
of covering the middle third of the palate. The principle reason given for such 
statements is adverse patient reaction to such coverage. My clinical experience 
has been that patients object less to middle third coverage than to coverage of 
the anterior or posterior thirds. In my opinion, adverse patient reaction is due 
to the form rather than the site of coverage. When a bar is used as a connector, 
it is generally thick and somewhat relieved from the palate. This may prove annoy- 
ing to the tongue, whereas a broad, thin, ribbonlike connector in contact with 
the palate may be acceptable. We cannot overemphasize the importance of utiliz- 
ing the support potential of the hard palate wherever possible. Palatai coverage 
will do much to confer a greater degree of permanency to partial dentures. 


AUXILIARY ABUTMENTS 


The desire to keep partial dentures simple and uncomplicated in design has 
resulted in an overloading of certain teeth and the unemployment of others. Where 
a natural denture has suffered mutilation to the extent of losing half or more 
of its normal number of abutments, there appears no valid reason why any nearly 
normal remaining tooth should not be employed in the replacement of those miss- 
ing. This can be done by using them as auxiliary abutments by the placement 
of occlusal rests on their stoned-down marginal ridges. Such teeth could be 
designated as auxiliary abutments and such rests as auxiliary rests. 


A tooth buttressed on both sides by adjoining teeth is usually banked with 
more bone and enveloped with denser, less displaceable membrane than a tcoth 
facing an edentulous space. Such a tooth is physiologically capable of counter- 
acting considerable stress and should be given that opportunity through its utiliza- 
tion as an auxiliary abutment. 


SUMMARY 


Suggestions for the preservation of the partial denture foundation include 
(1) the reduction of horizontal forces falling on the saddles and the reduction 
of transverse forces falling on the abutments and (2) the all-out use of every avail- 
able tooth and tissue bearing. This two-pronged stress strategy of drastic reduc- 
tion and maximum distribution will go far to minimize further mutilation of an 
already mutilated mouth. 
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CONCLUSION 


Two considerations prompted me to present the subject matter herein, (1) 
its importance, (2) its timeliness. Its importance is based on the fact that 
foundational considerations are basic and cannot with impunity be ignored. 

In preparing the material for this paper I kept in mind the fact that I would 
be writing principally for practitioners. And the way to write for practitioners 
is to relate your experiences as a practitioner. This I have done, and as a con- 
sequence I may be guilty of having omitted certain facts, slighted other facts, and 
slanted all the presented facts to my own brand of evaluation. To do this is the 
fault and also the virtue of a practitioner. 

I also said this topic is timely, timely because every branch of health service 
is being scrutinized by the socialist-minded politician with a view to spreading the 
service to more people at reduced cost. In my opinion, the dental profession 
will have difficulty justifying its present prosthetic monopoly on the basis of 
making replacements alone. 

Mere substitution for lost body parts will not suffice to keep prosthetics ex- 
clusively in professional hands. What will justify such retention is the thought 
we give and the effort we make to save what is left of the oral mechanism. In 
fact, the emphasis should be on conservation by a consideration of biologic and 
psychologic factors. Our objective should be the perpetual preservation of what 
remains rather than the meticulous restoration of what is missing. 
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THE LOWER PARTIAL DENTURE 


Rotianp R. Jones, D.D.S. 
Pasadena, Calif. 


N this discussion, your attention is to be focused on those lower partial dentures 
I which depend upon mucosa for a large part of their support. They are com- 
monly referred to as free-end saddle cases. We all know that in the hands of 
many operators a partial denture which is entirely supported by teeth can be'a 
remarkably good substitute for natural teeth, comfortable, efficient, and artistic. 
But a partial denture that is partly supported by soft tissues and partly by teeth 
is quite another matter. It is such a partial denture that I wish to discuss; to be 
specific, a distal extension, lower partial denture, either bilateral or unilateral, with 
a wrought wire, spring bar stress breaker. Those that I have made have proved 
so satisfactory that I feel confident I have a solution for the problem that is 
worthy of your attention. 


The properly designed and executed partial denture should be made to 
fulfill the specifications implied in the following questions: Is it an efficient 
masticating device? Does it use the best available support? Does it utilize 


the maximum support from the abutment teeth and from the soft tissues? Is it 
held securely in position when at rest and when in function? Will it avoid 
destructive action to the teeth, to the soft tissues, or to the underlying bone? 
Is it sturdy? Is the design so simple that the denture can be easily kept clean? 
Are there joints into which food can pack? 


ASSUMPTIONS AND CONDITIONS 


Let us see if we are in agreement on the following assumptions and condi- 
tions before we discuss the construction of such a partial denture. 


1. We are attempting to repair a crippled anatomic organ. Fortunately, 
we can count on Nature to work with us if we do not violate her laws. We can 
well be thankful for the remarkable recuperative ability of living tissues when 
physiologic requirements are met. We should be mindful of the fact that we are 
not making a mechanical device for a plaster cast. 


2. We are to use soft tissues for support, so let us recognize certain condi- 
tions related to their use. Saddles, either partially supported by teeth or un- 
supported by teeth, displace tissues under them when in function. They press 
into, slide on, or move the tissues along with them. Partial denture saddles 
especially rest on limited areas of relatively soft tissues which are permeated with 
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lymph and blood vessels. When pressure is brought to bear on such saddles, 
the fluids beneath move away from the areas. No impression technique can pos- 
sibly prevent the saddles from causing this, and no pseudoscientific theory that 
blood pressure or lateral fluid pressure resists this displacement can have any 
weight against simple self-evident facts. In addition to the displacement of 
the fluids, there is also a movement of the soft containing tissues when under 
pressure. 

The nature and amount of this displacement are greatly influenced by the 
design of the denture. Whenever a rest on a tooth is used for a free-end saddle, 
the point of rest becomes a center around which the saddle moves when in func- 
tion. If the design of the denture is such that the occlusal rest or center of rota- 
tion is placed high above the supporting subsaddle tissues, there is a horizontal 
component to the saddle movement. The result is that the saddle either slides 
on the tissues or pushes the tissues along with it. and the tissues give a correspond- 
ingly reduced support. If the design is such that the center of the arc of saddle 
movement (the rest) is close to the saddle, the tissues at the tooth-supported 
end of the saddle furnish relatively little support and are susceptible to disuse 
atrophy. If, however, the design is such that the center of saddle movement is 
on the same level as the supporting subsaddle tissues and is placed farther away 
from the saddle, the occlusal forces are delivered to the tissues in a vertical direc- 
tion and are more evenly distributed over the entire saddle area. Although the 
greatest load is still delivered to the more favorable tissues at the distal end of 
the saddle, all areas share in the support and receive the stimulation of use. 
Lingual tissues that are parallel to the line of movement of the saddle do not 
add to the support of the saddle. They are subject either to a lateral pushing 
pressure or to a sliding action, and this may outweigh the value of their stabilizing 
abilities. 

The effort, then, must be to design partial dentures so that we may secure 
the most satisfactory support from these displaceable tissues. Three specifications 
are therefore established: First, we must spread the load over as large an area 
as possible. Unfortunately. the muscles limit the load-bearing area so we must 
be especially particular to use all that is available. Second, we must make the 
impression so as to deliver the heaviest load to the most displaceable tissues and 
relieve the thinly covered bone. Third, we must deliver the load vertically and 
distribute it over the entire saddle area by placing the rotation point of the 
saddle movement on a level with the subsaddle tissues and as far away as possible 
from the saddle. 

3. In general, prolonged pressure on living tissue is damaging, but inter- 
mittent pressure, within physiologic limits, is a therapeutic measure which is 
commonly used by the healing professions. We cause prolonged pressure on 
saddle areas when, in our construction work, we maintain positive pressure on 
the saddle areas while the impression is being made and then use the cast made 
from that impression for assembling the saddles and attachments. The saddles 
and attachments should be assembled in tissue rest relations. Another factor 
causing prolonged pressure in the lower jaw is gravity. The harm from 











oe. 2 LOWER PARTIAL DENTURE 221 
this can be minimized in three ways: (1) by making the saddles as light as 
possible, (2) by shifting the maximum allowable load to the teeth, and (3) by 
using a spring bar stress breaker, which quickly returns the saddle to tissue rest 
position. This quick return substitutes the stimulating action of intermittent 
pressure for prolonged pressure and builds up healthy tissue rather than pro- 
ducing resorption or pressure atrophy. 

In all denture construction, we should keep before us a vivid picture of the 
helpless unfortunate tissues, “caught in a jam,” as it were, between the saddles 
and the underlying bone. Although we may follow the most favorable pro- 
cedures, we still must recognize the wide range in the tissue tolerance of different 
mouths. The only remedies for low tissue tolerance are to reduce the size of the 
supplied occlusal surfaces and to help the patient realize that he must adjust the 
biting pressure to the situation and wait for the toughening influence of use. 

4. Since with a partial denture there are remaining natural teeth, we have 
support available that is much more desirable than that supplied by soft tissues. 
Teeth are designed to receive enormous loads, provided the forces are delivered 
in the way Nature intended, i.e., along their long axes. We all recognize that 
forces delivered to a tooth at an angle, in the form of malocclusion, will result 
in a loss of tooth-supporting bone, even though the forces are intermittent. We 
all know that prolonged pressure against a tooth will destroy supporting bone, 
even though it is gentle pressure. The orthodontist makes use of this gentle, 
prolonged pressure to break down the bone in the path of a tooth he wishes fo 
reposition. We should never subject an abutment tooth to either of these dam- 
aging pressures. 

In addition to carrying the chewing load, teeth may contribute much to the 
retention and stabilization requirements of a denture. Although a surprising 
amount of retention can be afforded by close adaptation of a saddle, teeth that 
are strategically located can be made to furnish a far more positive ard satisfactory 
retention and can be made to contribute much to stabilization. These things 
are true provided that forces are properly directed and distributed. 

The four assumptions, on which I trust we are in agreement, are: 

1. Living tissue can be depended upon to react favorably if we build in har- 
mony with physiologic needs. 

2. Saddle-bearing tissues are displaceable and demand appropriate planning. 

3. Prolonged pressure may result in pressure atrophy. Gravity may cause 
prolonged pressure. Intermittent pressure is stimulating. 

4. Teeth will accept substantial loads that are properly applied and dis- 
tributed. 


DISTRIBUTION OF OCCLUSAL FORCES 


The loads, or the forces of mastication and other forces from the saddles, 
are delivered to the abutment teeth by means of occlusal rests, clasp arms, or a 
variety of other attachments. Movable saddles are thus fastened to fixed teeth. 
Therefore, our chief problem is to design partial dentures so that the saddles 
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may move with the displaceable soft tissues, while they are attached to the abut- 
ment teeth, without delivering undesirable stresses to those teeth. This is the 
most perplexing and the most controversial problem in partial denture construc- 
tion. How shall we provide for this movement between something fixed and 
something movable? Several methods are in use: One depends upon the move- 
ment of the attachment on the tooth; one depends upon a movable joint between 
the attachment and the saddle, such as a hinge; another depends upon the flexi- 
bility of the connector between the attachment and the saddle. Each method has 
some good and some bad features. It is our problem to make a selection based 
on a careful study of all. 

In making this selection, it should be emphasized that patient satisfaction 
alone is no criterion on which to base our choice. Frequently, a well-made partial 
denture is found to be damaging the tissues of the wearer because of its improper 
design, and the patient may be entirely unaware of this damage. In fact, it 
would seem to be impossible either to design or to execute a partial denture so 
inferior that some patient will not wear it and praise the dentist who was re- 
sponsible. Our selection of the means to attach the saddles to the abutment 
teeth must be made on thoughtful analysis with these oft-repeated points in mind: 
Will the maximum desirable load be transmitted to the abutment teeth? Will 
it be delivered in a favorable manner? Is there a tendency within the attach- 
ments to return the saddles to rest position? Will the denture be held securely 
in position? Will joints open on the occlusal surfaces where food may lodge? 
Is it sturdy in material and construction? Can all parts be easily cleaned by brush, 
dental floss, and running water? 

The slotted, the doweled, and the hinged attachments all present problems 
in cleaning. With the slotted and doweled types, which are recessed into the 
abutment restoration, the patient is in difficulty if he eats without the denture 
in place. In fact, he sometimes has to call upon the dentist for aid in removing 
food from the recesses. In the distal extension type of hinge, there is a recess 
within the saddle that cannot be cleaned by the patient at any time. 


TECHNIQUE 


Let us now consider the construction of a lower partial denture with a lower 
bar of wrought wire as a spring stress breaker, and let us keep the foregoing 
points in mind for its evaluation (Fig. 1). 

Radiographs are taken, study casts are made, and all needed surgery is done 
well in advance of the construction so that healing has taken place. When repair 
or reconstruction of abutment teeth is indicated, this, too, is completed before the 
final impression is made. I strongly recommend a full or partial crown which 
is recessed to receive a clasp within its contour as one of the best abutment 
restorations.’ Such a crown gives good protection to the tooth, will receive a 
clasp which can be sturdy, and will lend itself well to adjustment as wear takes 
place. Rest recesses and such retentive modifications of the abutments as may 
be desired should be incorporated in abutment restorations. If no restoration of 
the abutments is needed, definite recesses in sound enamel should be prepared. 
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The seat for an occlusal rest should be at least at right angles to the forces di- 
rected against the saddle and not necessarily at right angles to the long axis of 
the tooth. Or better still, it should be inclined downward toward the axial center 
of the abutment tooth. Many times, where no restoration of the abutment tooth 
is needed, a little judicious dressing and polishing of the enamel surfaces will 
increase its retentive value. 


IMPRESSIONS 


An impression of at least the occlusal one-third of the opposing teeth is 
obtained. This can be done in modeling compound, or the alginates or hydro- 
colloids may be used if some of the soft impression material is first placed in the 
sulci and recesses of the teeth. Two impressions of the lower jaw are made with 
either an alginate or a hydrocolloid. One of these impressions (concentrating 
on the teeth) is poured in a refractory investment; the other impression (con- 
centrating on the saddle areas) is poured in stone. The latter becomes our 
working cast. 





Fig. 1—A spring bar stress breaker partial denture on a cast to show the design of the appliance. 
The right clasp is recessed into the partial crown on the abutment tooth. 


A muscle-trimmed modeling compound impression of the saddle areas under 
function, but with the relationship of the saddles to the attachments established 
in tissue rest position, is still the procedure of choice.” However, many opera- 
tors prefer the simpler technique and use alginate or hydrocolloid impressions. 

If your impression technique is such that it indicates the junction of the 
movable tissues and the saddle-bearing’ tissues, it will determine the saddle out- 
line. If your impression technique does not indicate this, the saddle outline may 
be determined by the cut-and-try method on the trial denture and the outline 
scribed onto the stone cast. 

Our next step is to make a frenum index which will be an aid in positioning 
the lingual bars. A small piece of modeling compound is molded over the in- 
cisal edges and lingual surfaces of the lower incisor teeth. It is then reheated 
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in the area of the lingual frenum, and the patient is encouraged to mold it with 
the tongue in its most protruded position. This record is transferred to the 
stone cast by setting it in place and marking the cast at the lower border of the 
frenum index. 

A record of centric relation is made, and the casts are mounted on an articu- 
lator so that the eccentric relationships can be reproduced with reasonable ac- 
curacy. 


SURVEY AND DESIGN 


By using a clasp surveyor, we indicate the possible areas of retention on 
the teeth of the stone cast and also outline the areas of support. Then we draw 
the design of the clasps on the stone cast. Since we are going to use a spring 
bar stress breaker, we eliminate the need of movement between the clasp or at- 
tachment and its abutment. This allows us to use a firm-gripping clasp or at- 
tachment. The clasp may also use a greater supporting area on the tooth and 
be made heavy enough to avoid breakage. More than one occlusal rest may be 
used, and the body of the clasp may not only be heavier, but may extend farther 
around the tooth to rest on it above the height of contour for added support. 
Fingers may also be used to reach beneath the height of contour of the abut- 
ment for added retention. The design which is drawn on the stone cast is used 
as a guide for tracing wax onto the refractory cast. This procedure will help 
to avoid mutilation of the refractory cast. Wax can easily be traced or dripped 
onto the refractory cast by using a 16 or 18 gauge wire, mounted in a plastic 
handle, as an instrument. 

The tang is cut from baseplate wax. It is tapered or beveled at the clasp 
end. It is notched at the bar end so that it will hang or extend over the lower 
spring bar on the lingual side when that bar is attached later. The overhanging 
end becomes the reinforcing spur or lateral stay. The tang must be formed with 
a smooth, flat side next to the saddle. It must be shaped to conform both to 
the contour of the tissues on the lingual side of the ridge and to the lingual sur- 
face of the saddle. It must be positioned so that it will never interfere with the 
tissueward movement of the saddle. The saddle, when in function, must not 
impinge on the tang. To avoid this, the flat side of the tang should be inclined 
slightly so that the end which is to be attached to the bar is just enough closer 
to the median line than the end to be attached to the clasp that the saddle can 
move in an arc, with the point of union of the upper and lower lingual bars 
as the center of that arc. (Strictly speaking, the center of the arc is not a single 
point; because of the spring in the bar, there is a series of centers.) The in- 
clination of the tang should not be enough, however, to permit a space to open 
that would cause the tongue to be- pinched. When the tang is properly formed 
and positioned, it is waxed into place. A small extension from the proximal 
portion of the clasp is waxed distally so that it will extend into the marginal ridge 
of the first supplied tooth. This will prevent food from packing into the movable 
joint between the clasp and the saddle. We call this extension the interproximal 
lug. 








sn si LOWER PARTIAL DENTURE 225 

A 10 gauge bar of wax is attached to the mesial side of the tang to form the 
pattern for the upper bar (Fig. 2). We space this from the tissues on the lingual 
side according to their inclination. Space equal to one thickness of adhesive tape 
is allowed for cases with an average inclination and two thicknesses for cases 
with a marked lingual slope. We set the bar to just pass over the contour where 
there is a lingual concavity. When all these parts have been waxed into place 





Fig. 2.—One-half of the pattern for the framework waxed up. A, The clasp and occlusal rest; 
B, the interproximal lug; C, the tang; D, the reinforcing spur; E, the 10 gauge round upper 
bar. 





Fig. 3.—Detail of the parts of the stress breaker partial denture. A, The clasp; B, the tang; 
C, the interproximal lug; D, the upper bar (cast); E, the lower spring bar (wrought); F, the 
reinforcing spur. 
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to form a pattern for the complete framework, it is invested, cast in hard gold, 
and finished. The casting is then tried in and fitted in the mouth. It is not fitted 
onto the stone cast until it has first been fitted in the mouth (Fig. 3). 


THE SPRING BAR 


With the clasps, tangs, upper bar, and other parts cast as a unit, we have 
a framework that acts as a splint and a crib. It slips over and grasps the teeth 
firmly, making them support and buttress each other for added stability. To this, 
we attach the round spring bar. We use 11 gauge Hylastic (or comparable) 
wrought wire for the spring bar. Wrought metal is always used for springiness 
and toughness, and round wire is used so that the movement will not be diverted 
from the line of force by the shape of the bar. Eleven-gauge wire is needed to 
transmit the load adequately, yet it will, at the same time, supply sufficient spring- 
iness. Patients rarely notice the size of the bars after a few hours. The spring 
bar is adapted to the upper bar. The ends of the spring bar are flattened on 
an anvil, extended well into the saddle areas, and provided with tips that touch 
the cast. In positioning the lower bar, we use the same rule to govern its dis- 
tance from the tissues that was used for placing the upper bar. The wrought 
wire bar is soldered to the upper bar at a point midway between the abutment 
teeth. The stress-breaking action of the spring bar depends on its spring span, 
i.e., the distance between the point where it is soldered to the upper bar and the 
point where it enters the saddle. This should be about 15 mm., but not less than 
12 mm. nor more than 20 mm. If no more than 11 mm. of spring span is pos- 
sible, some other type of stress breaker should be used. The solder joint between 
the spring bar and the upper bar should be from 2 to 3 mm. wide, but no more, 
and it should be well filled in. 

In most mouths, the arch form is such that the union of the upper bar and 
the spring bar will lie on the side of the abutments opposite the saddles and forward 
in the mouth from the abutments. This positional relationship permits the char- 
acteristic and essential feature of the heavy, lower spring bar. It can then deliver 
the chewing load from the saddle to the upper bar at a point in the mouth from 
which the upper bar can transmit occlusal force to the abutments as a downward, 
slightly forward action. This is an action that the abutments are designed and 
buttressed to accept. Some of the force is absorbed by the spring, some is di- 
vided between the abutments, and the balance is delivered to all the subsaddle 
tissues, with the greatest load at the distal end of the saddles. 


CONTRAINDICATIONS FOR THE SPRING BAR DENTURE 


There are contraindications for the use of this type of lower denture. The 
spring bar loses its value if the load cannot be carried forward beyond the abut- 
ments and then returned to the abutments by the upper bar as a force in a down- 
ward, forward direction. Occasionally, the original teeth do not lie in the usual 
arch form, but are in an exaggerated square arch. If there are six or less of 
these anterior teeth remaining, they will lie in a straight line. The upper bar 
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in such a case would follow a similar straight line, but slightly distal to the ful- 
crum line of the attachments. The spring bar, as it leaves the saddles, must 
make abrupt turns in order to follow the same straight line as the upper bar. 
We then have an entirely different situation. The chewing force would be de- 
livered to the upper bar at a point in the mouth from which the upper bar could 
not do otherwise than deliver it to the abutments as a distal-tipping action. Thus 
the heavy spring bar loses its virtue and is contraindicated. In such cases, the 
stress should be broken by some kind of a movable joint between the saddles and 
the abutments. 


Fig. 4.—A, A hinged stress breaker attachment. There is a continuous clasp or crib around 
four lower incisors. Hinge joints at the distal contact areas of the lateral incisors permit limited 
movement of the saddle retention portion of the attachment. B, The left hinge. Provision is 
made for limited downward movement only. The oval pin at the contact area is surrounded 
by a casting with an oval hole which is enlarged to permit only downward movement. 


Fig. 4 shows such a hinged attachment for that unusual situation where 
there are only four remaining incisors. A continuous clasp is used around the 
group of teeth, with the hinges which provide movement with a downward action 
only, at the distal contact points of the lateral incisors. Naturally, this shifts 
more of the saddle weight and the chewing load to the subsaddle tissues than 
does the spring bar, but the conditions are now approaching those of a full denture 
anyway. We do, however, provide a sense of security for the wearer by the use 
of these retainers and reduce the lever action on the abutments. With so few 
teeth embraced by the continuous clasp and with hinges functioning to reduce 
the tipping action, the group acts as a unit for mutual support. Much less un- 
desirable strain is delivered to individual teeth. 
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TOOTH POSITIONING AND FINISHING 


To complete the spring bar partial denture, we set the teeth on the saddles 
with the occlusion slightly high. They are set above the occlusal plane an amount 
equal to the difference between the rest position and the full functioning posi- 
tion of the saddles. This will equalize the occlusion on the natural and the saddle 


teeth when they are in function. 
Fig. 5. 


Fig. 6. 


Fig. 5.—A unilateral partial denture with an 18 mm. spring span. It is attached 
to a cast, tooth-supported framework. 
Fig. 6.—A cast framework supported by a cuspid and bicuspid on each side with the spring bar 
attached to the center section where four incisors will be restored. 


The finishing of the partial denture is more or less routine. There is one 
exception, however. After the plastic saddles have been processed, you will 
find that the plastic has pressed against and around the tangs so as to engage 
them. The saddles must be released. They must never bind, but must move 
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freely along the tangs. They may be released by passing or threading a steel 
strip between the saddle and the tang with the grit side toward the plastic. The 
strip may then be mounted in a saw frame for easy manipulation to free the sliding 
joint from any interference. 


ADVANTAGES OF THE SPRING BAR PARTIAL DENTURE 


If the procedures have been correct, we should feel assured that we have 
made a denture that is physiologically and mechanically in harmony with Nature’s 
laws. It has these distinguishing features: It has a lower bar which is a spring 
stress breaker or stress distributor which diverts some of the saddle load and 
delivers it to the abutment teeth. This part of the load is delivered as a down- 
ward, slightly forward pressure. 

It allows the saddle to move in a wide arc, the center of which is at the 
saddle level. In this way, it spreads the load evenly over the subsaddle tissues. 

It has a sturdy framework which grips the teeth firmly and helps them to 


support each other. 

The spring bar quickly returns the saddle to rest position. This provides 
a stimulating action and minimizes the need of relining. 

There are no food-catching joints or uncleanable recesses to become foul. 


There are no fragile parts to need repair. 
It is an efficient masticating device which gives the patient a feeling of con- 
fidence and denture security (Figs. 5 and 6). 
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REATMENT planning has been and is neglected by most dentists in prac- 
7. In general, the policy of the dentist is to observe certain conditions 
that exist in the mouth and then to place restorations without evaluating the 
existing conditions and without adequately planning a case with the idea of ren- 
dering a health service to the patient. All the blame cannot be placed on the 
general practitioner, because extensive diagnosis and treatment planning are not 
taught adequately in our dental colleges. Too frequently the dentist tries to evalu- 
ate the economic condition of the patient previous to the treatment planning. If 
the dentist would make a complete diagnosis and treatment plan and present this 
to the patient as a reason for the subsequent procedures, it is my belief that better 
i dentistry and health services could be rendered to the public. 












It is not the dentist’s responsibility to evaluate the economic condition of 
the patient. The patient should be told the importance of this health service 
and be permitted to decide whether he can afford to, or wants to, have the dentist 
render him adequate health services. In medicine, the patient is told what is ab- 
solutely necessary in the treatment, without the physician’s taking it upon himself 
to determine the economic condition of the patient. I believe that dentistry is 
just as important in the field of health services as medicine, and I further believe 
that it is about time that dentists make a complete diagnosis and treatment plan 
of each individual case by evaluating the mouth and by rendering good dental 

health service to the patient at an early age and then by following through. In 
this way people will have a better chance of keeping their teeth, and fewer partial 
and complete dentures will be necessary. 
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It is necessary that a comprehensive diagnosis of the case be made previous 
to attempting to make a treatment plan. From the diagnosis, some knowledge 
of the prognosis can be obtained. The objective of a treatment plan is to restore 
the mouth to a healthy functional condition. Patient education is another im- 
portant factor in making the plan. Emphasis should be placed on the home 
care of the mouth and on the necessity for periodic re-examination. Many a case 
has been a failure because this part of the treatment has been neglected. 
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THE TREATMENT PLAN 


As stated previously, the objective of mouth rehabilitation is to restore the 
mouth to a healthy condition and to establish function. It is imperative that a 
comprehensive treatment plan be established previous to the treatment. 


Fig. 1. 


Fig. 2. 


Fig. 1—Study casts mounted. 
Fig. 2.—Study of occlusal balance. 


The first step in the treatment plan is the elimination of any source of in- 
fection or disease that may interfere with the prognosis of the case. It is also 
essential to determine the extent of dental caries and periodontal disease. The 
purpose of removal of all caries is to determine the extent of tooth structure 
that has been destroyed and the type of restoration that can be placed. Previous 
to the: completion of the treatment plan, all carious areas and old fillings should 
be removed and cement fillings placed. A hard cement, such as one part of silver 
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alloy and two parts of cement, should be used. We do this so we can determine 
the depth and buccolingual extent of fillings and caries. This will reveal the 
amount of enamel that is supported or unsupported by dentine. It will also 
indicate the type of restoration that may be indicated. Furthermore, it will in- 
dicate whether the cusp should be included in the preparation. 


Fig. 3.—Study of occlusal facets. 
Fig. 4.—Abrasion of the occlusal surfaces. 
Fig. 5.—Tooth destruction by caries. 


Periodontal treatment should be instigated to determine the reaction of the 
treatment and the results of the home care of the patient. The prognosis of the 
case in many instances can be established in the early treatment of the periodontal 
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condition. If the response of the patient is not a favorable one, some physical 
conditions may be contributing factors, and a medical diagnosis may be required. 
In cases where there have been extensive caries, a dietary survey may be essential. 
The results of the dietary survey will determine the need for dietary correction. 


Fig. 6.—Tipping, rotation, and extrusion. 


Fig. 7.—Tipping and extrusion. 


After we have evaluated the apparent results of a periodontal treatment, we 
can proceed to plan for the restorative procedures of our treatment. We use study 
casts which have been mounted on an articulator, or on a surveyor, to determine 
the amount of tooth structure that must be removed and the various types of 
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restorations that may be indicated (Fig. 1). It is essential that we keep in mind 
a formative plan for balancing the occlusal relations in planning for the various 
tooth preparations (Fig. 2). 

In considering the type of treatment to be employed, we must visualize the 
cuspal relation in function, the paths of movement of the mandible, the direction 
of the forces which are applied to the teeth individually and collectively, and 
the position of the facets that have been formed (Fig. 3). We must also ascertain 


Fig. 8. 


Fig. 9. 
Fig. 8.—Planning for parallelism of abutments. 
Fig. 9.—Planning for the removal of tooth structure from the lingual surface 
to achieve parallelism. 

the amount of tooth destruction that has taken place due to attrition, erosion, and 
caries and their positions (Figs. 4 and 5). It is imperative that we evaluate the 
degree of tipping, rotation, and extrusion of the teeth (Figs. 6 and 7). With this 
information available, we can determine whether the teeth in situ can be used as 
abutments for retainers, whether orthodontic treatment would place these teeth in 
a more favorable position for their use as abutments, or if we should resort to ex- 
traction to make the case more ideal. 
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PLANS FOR CAVITY PREPARATIONS 


By having the casts mounted on a surveyor, we can scribe upon each tooth 
the position for each cut in the cavity preparation to predetermine the marginal 
outline, the resistance form, and the retention form of the preparation (Fig. 8). 
Where the tooth is to be used for the abutment of a bridge, we must also determine 
whether we can obtain parallelism of the abutments without destroying too much 
tooth structure, or whether we must resort to the use of a nonrigid connector. 
After we have determined the parallelism of the cavity walls and the extent of 
the marginal outline of these areas to obtain maximum resistance form, we then 
proceed to survey the mesial and distal surfaces of the teeth that are to be used 
as abutments for the retainers of the bridge. 

The next procedure is to determine the amount of tooth structure that it is 
essential to remove from the lingual surfaces (Fig. 9). This is determined by 
the position of each individual tooth. The greater the degree of rotation or tipping, 
the greater the amount of tooth structure that may have to be removed. The posi- 
tion of the marginal outline will have to be varied to compensate for this. In those 
cases where extensive tooth destruction is necessary in the preparation to obtain 
parallelism, it may be necessary to sacrifice resistance form on the surface that in- 
terferes with parallelism and to obtain additional resistance or retention form on 
other surfaces of the tooth. 

The buccal surfaces of the teeth are more favorable for making the prepara- 
tion than the lingual due to the anatomic form and the relation of the teeth to each 
other (Fig. 10). We scribe the outline of our buccal cut so that we can obtain 
the resistance form from the height of contour to the free gum margin. The cut 
from the height of contour to the occlusal surface will vary according to the posi- 
tion of the tooth in relation to its rotation and tipping and also according to the 
position of the cusp and occlusal surface to be formed. 

The amount of caries and erosion usually determines the extension of the 
buccal cut at the gingiva. At this time, we study the relation of the opposing cusps 
and then reproduce the buccal and lingual grooves in such a position that we will 
have the proper cusp and groove relation to function properly in the completed 
restorations. Also, the degree of tipping and rotation will be a guide as to whether 
the buccal surface should or should not be included in the preparation. The extent 
of caries or erosion will determine whether the filling should be placed in these areas 
previous to the making of the preparations on the abutment teeth. If we do not 
restore these areas with some type of filling, it will necessitate the removal of too 
great an amount of tooth structure from these surfaces. 

Our next step in the procedure of treatment planning is to determine the amount 
and the position of the occlusal tooth structure that is to be removed (Fig. 11). 
Where teeth have tipped, that part of the occlusal surface which is above the arc 
of the occlusal plane is removed, and then further reduction is made for sufficient 
bulk of metal in the restoration. That part of the tooth surface which is below the 
occlusal plane should be only smoothed so that an accurate impression can be ob- 
tained (Fig. 12). If the entire occlusal surface is removed uniformly on tipped 
teeth, the occlusal gingival length is reduced ; this means inadequate resistance form. 
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Where opposing teeth have extruded, we must reduce them sufficiently so that we 
can get a functional relation in our restorations. Usually, when the molar teeth are 
tipped and rotated, their position is lingual to that of the norm. Therefore, it is 
necessary to remove more on the lingual surface than on the buccal. Otherwise, 
the completed retainer would be too wide buccolingually ; this would increase the 
amount of force exerted and cause the breakdown of the bony foundation on which 
the teeth are supported. 


Fig. 10. 


Fig. 11. 


Fig. 10.—Planning the preparation on the buccal surface. 
Fig. 11.—Planning for the reduction of the length of an extruded tooth. 


RETENTION FORM 


After we have determined whether we can obtain parallelism between the 
abutments, obtain the maximum resistance form possible, and reduce the occlusal 
surface, we then determine the retention forms and their position (Fig. 13). Where 
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partial veneer crowns are indicated, we scribe on each of the abutments the posi- 
tion and the direction for the retention grooves. If adequate retention is not pos- 
sible by the use of retention grooves alone, we must plan auxiliary retention to 
compensate for the lack of retention in the grooves. This may be accomplished 
by boxing in the proximal surfaces, which increases the surface area of retention, 
or by extending the preparation into the buccal and lingual grooves. We should 


Fig. 12. 


Fig 13. 


Fig. 12.—Planning the occlusal plane. 
Fig. 13.—Planning the retention and resistance form. 


take advantage of caries or existing fillings in the teeth and use their outline for 
retention and resistance form, whether on the occlusal surface, proximal surface, or 
both. We must keep in mind that all preparations to be used as retainers either 
in crown and bridge prosthesis or partial denture prosthesis must have the maxi- 
mum resistance and retention form. 

Where we have a nonrigid connector, it is essential that we plan a box form 
within the preparation for the reception of these nonrigid connectors. Also, if 
we are to use a precision attachment of any type, we must also outline a box 
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form for the reception of this attachment. If we are to use two or more attach- 
ments, it is advisable to form these recesses in the teeth on the study casts to be 
certain that we can obtain depth, length, and parallelism for these attachments. If 
we are to employ clasps for the retention of a partial denture, we must determine 
whether we can obtain adequate retention for a clasp, or whether a restoration 
should be made to make it favorable for the reception of a clasp. 


PONTIC DESIGN 


The pontic design is extremely important in any fixed or semifixed appliance 
(Fig. 14). The design of the pontic and the type of pontic to be employed de- 
pend on the type of bridge to be made and the depth of the gingival occlusal or 
gingival incisal space. Where the ridge is extremely tapering or sharp, a cone- 
type pontic should be used. Where the ridge is well rounded, a semisaddle-type 
pontic can be employed. Where the ridge is flat or concave, a flatter concave type 
of pontic should be used. 


UY, 


Fig. 14.—The saddle form of pontics. 


It is advisable that we use porcelain as part of the pontic. The porcelain part 
of the pontic should cover the tissue area and should include the buccal or labial 
surfaces. In most cases, the occlusal and lingual parts of the pontic should be con- 
structed of gold. 

We have various types of porcelain facings that can be used (Fig. 15). One 
is the New Hue pin pontic which has porcelain both at the gingival and inciso- 
lingual surfaces. This is used primarily for anterior restorations. Where there is 
to be stress on the incisal edge, the lingual incisal edge should be removed and pro- 
tected with gold (Fig. 16). Another facing is the Trupontic, which has an internal 
form of retention and is indicated primarily on the posterior teeth. In the construc- 
tion of the bridge, we can employ tube teeth, either as a sanitary pontic or in the 
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Fig. 15. 


Fig. 16. 


Fig. 15.—Types of porcelain pontics. 
Fig. 16.—Preparation for the protection of the incisal edges of pontics. 
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upper bicuspid region where the visibility of gold on the lingual edge is advisable 
(Fig. 17). In the construction of the tube teeth for the pontic, we make what is 
similar to a mesio-occluso-distal cavity preparation in the tube tooth. In making 
the cavity preparation in a tube tooth, we must have sufficient width and depth 
on the mesial and distal surfaces for adequate contact areas for strength. The oc- 
clusal length should be reduced, both on the buccal and lingual edges, so there will 
be sufficient strength to protect the porcelain with gold. Steele’s flat-back facings 
may be employed in those cases where there is a close bite, where the retention from 


Fig. 17. 


Fig. 18. 


Fig. 17.—Preparation of tube teeth for pontics. 
Fig. 18.—Facings made from pin teeth. 
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the pins of a facing would have to be reduced to compensate for occlusion and align- 
ment. In the use of Steele’s stress facing, we open up the recess that is used for the 
attachment, then bake on a porcelain tip. The retention for the facing is obtained 
from the casting in this recess. 

Another facing that is used in close bite cases is the pin anterior tooth. The 
pins are dissolved by acid, and a porcelain cervical tip is built on (Fig. 18). The 
retention for the facing is obtained by casting into the pin holes. Where the gingival 
occlusal space is not of sufficient depth to receive either of these facings, it is 
advisable, for esthetic reasons, to reduce the ridge by surgery. This is true in the 
anterior region and in the area of the upper bicuspid. By reducing the ridge, we 
can lengthen the facings so more favorable esthetic results can be obtained. 


Fig. 19.—Excessive bone loss. 
Fig. 20.—Gum contour restored by wax. This is then processed in acrylic. 


Where there are considerable bone destruction and loss of teeth in the anterior 
region, through accident or periodontal conditions, the problem of esthetics taxes 
our ingenuity (Fig. 19). If we attempt to reproduce the anatomic form of the 
teeth to harmonize with others in the mouth, the space between these facings and 
the gums will produce an incongruous effect. Also, if we try to reduce the space by 
using long facings with parallel mesial and distal surfaces, the result will not be 
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harmonious. We can design and construct a harmonious restoration by forming 
the proper anatomy with the proper position of the cervical line. If the formation 
of the cervical line is made in its proper position and if gingival anatomy is made, 
this will decrease the appearance of length and the result will be more harmonious. 

To eliminate space between the facings and the gums, wax is added around 
the facing of the completed bridge and placed in the mouth (Fig. 20). The wax 
is contoured to conform to the gingival outline. This is then flasked, and pink 
acrylic is cured on the bridge. In this way esthetics can be restored in cases 
where a great amount of bone and tissue has been destroyed. The gingival part 
of the facing, below the cervical, is stained with pink porcelain or with the color of 
the root to enhance the natural appearance. Also, in the construction of anterior 
bridgework, we must attempt to reproduce as closely as possible the existing con- 
ditions in that mouth. If there is gold exposed on the adjacent teeth, this should be 
reproduced in the pontic. If there is stain in adjacent teeth, it should be in- 
corporated into the porcelain pontic. There is nothing more obvious than an arti- 
ficial restoration in the anterior portion of the mouth with a facing which does not 
simulate the most minute detail of the adjacent teeth. 


Fig. 21.—A partial denture in combination with a fixed bridge. 


MULTIPLE BRIDGE ABUTMENTS 


Where we have multiple abutments for a bridge, we do not use rigid con- 
nectors on both sides of the pier abutment. This would cause a teetering, in func- 
tion, which would loosen the weaker retainer (usually the anterior retainer). This 
would necessitate the removal of the entire bridge. The preparation for the recep- 
tion of the retainers must be planned for a nonrigid connector in one or both sides 
of the pier abutment. In some cases, it may be advisable to make fixed removable 
units of pontics instead of rigid connectors. In this way, the life expectancy of the 
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restoration will be greater. Connectors may be either those that are purchased, 
such as precision attachments, or those made by embedding a recess former in the 
wax pattern. 

1. In those cases where we have posterior teeth missing on one side and one 
tooth missing on the opposite side, a combination of a partial denture and fixed 
bridgework is indicated (Fig. 21). On the side where one tooth has been lost, a 
fixed movable (broken-stress ) bridge would be indicated, with a partial denture to 
rehabilitate the opposite side, since there is no posterior abutment. 


Fig. 22.—Retention of the partial denture in the pontic of the bridge and the 
lingual arm added to the precision attachment. 


2. Clasps or precision attachments may be employed for further retention of 
the partial denture (Fig. 22). Retention in the bridge may be obtained by an insert 
into the pontic or by the use of a precision attachment. Where the crowns of the 
teeth are short and a distal extension attachment seems advisable, we must obtain 
added retention for the attachment by the use of a lingual reciprocal arm. The rea- 
son for this type of construction is that it eliminates the horizontal forces which 
may have a tendency to destroy the foundation which supports the teeth. The rea- 
son for using a fixed movable bridge is to facilitate the repair of the partial denture 
in case of an accident or of future extension of the denture. This increases the life 
expectancy of the abutment teeth. 


PLAN OF CONSTRUCTION 


In those cases where we have the problem of rehabilitating the lower teeth 
and constructing an upper denture, we survey the lower cast and plan the type of 
preparations on the abutment teeth and the necessary restorations (Fig. 23). There 
are cases where the occlusal surfaces of the lower teeth need rehabilitation with- 


out any bridgework. There are also cases where teeth are lost on the lower arch 
which require rehabilitation by bridges, crowns, and inlays. The treatment should 
be planned so that all preparations are completed, and temporary retainers are made. 
Cast or burnished copings are constructed on the dies. Cast copings should be 
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made of 22 k gold. After the copings are cast and finished, they are placed on the 
preparations, and an impression is made. Low-fusing die alloy is poured into the 
copings, and the balance of the cast is made of stone. Or, an impression of the 
temporary crowns is made, dies are placed in the temporary crowns which are held 
in position, and a stone cast is made. If a hydrocolloid technique is to be used, the 
tissue should be retracted by the use of cotton thread impregnated with Wonder Pak. 


Fig. 24.—The completed restoration. 


The cotton thread is placed around the cervical margin of each preparation, and the 
temporary crown is placed on the preparation to cause the retraction of the gum 
tissue. At the following appointment, the hydrocolloid impression is made, and the 
cast is poured. The impression for the upper denture is made, the cast is poured, 
and the occlusion rim is formed. The vertical dimension is determined, the jaw 
registrations are obtained, the case is mounted, and the articulator is adjusted. The 
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upper teeth are set in position, and the lower restorations are waxed up. The 
occlusal surfaces of the lower wax patterns are softened and occluded with the upper 
teeth. Repositioning of the upper teeth may be necessary to obtain the proper func- 
tional balanced occlusion. 

After the wax patterns of the lower restorations are carved with the occlusal 
anatomy reproduced, they are cast. They are then placed back on the lower cast, 
and the adjustments are made that are necessary for balanced occlusion. Then 
the upper denture is completed (Fig. 24). 

It is my conviction that all of the work in rehabilitation of a mouth should be 
done on an articulator, whether it is done with crowns and bridges, or partial den- 
tures, or in combination with a complete denture. In no case can one segment of 
the work be completed previous to the construction of another segment of the work 
with a satisfactory result. 


SUMMARY 


Treatment planning does not receive adequate attention either in dental edu- 
cation or in dental practice. This may be due to the fact that a comprehensive 
treatment plan has not been considered essential. The average dentist approaches 
the patient with the idea that his economic status is such that he cannot afford re- 
habilitation of the mouth. Often the dentist does not look at restorative dentistry as 
a preventive measure. This is obvious when we see a great number of mouths from 
which teeth have been extracted and in which no immediate replacement has been 
made. If immediate replacements were made, many of the unfortunate conditions 
we observe would not have developed. The dentist is not fulfilling his obligation to 
the public when he does not properly advise his patients and educate them to proper 
health services. 

It must be remembered that each tooth must function both as an individual 
and as a part of a collective unit ; this makes each tooth an important factor in the 
function of the entire mouth. When the function of one tooth is lost, the function 
of the other teeth is impaired. When we have impaired function, we lose the sup- 
port of bone structure around the teeth because of the lack of physiologic function 
which stimulates the soft and hard tissues. Therefore, it is important that every 
effort be made to rehabilitate any lost tooth in order to prevent any further destruc- 
tive changes from taking place. If the dental profession would take time to educate 
the patient in the preventive phase of dentistry and make an adequate treatment 
plan, we would see fewer dental cripples. 


450 Sutter BuILpING 
San Francisco, CALir. 





THE GOAL OF FULL MOUTH REHABILITATION 


IrvinG Go_pMAN, D.D.S. 


New York, N.Y. 


HE goal of dentistry is to increase the life span of the functioning dentition, 

just as the goal of medicine is to increase the life span of the functioning 
individual. In striving to achieve its goal, dentistry uses its knowledge, skill, 
and all the resources at its command in both maintenance work and_rehabilita- 
tion." Thus, the continuing prophylactic program of childhood, including the 
regulation of the teeth for good occlusion, and the rehabilitation of the neglected 
adult mouth have one and the same goal. The techniques of these two areas in 
dentistry obviously differ, but they should be viewed as integral parts of an 
over-all dental program. 

For such a view, emphasis on scientific principles rather than on technical 
skills is of paramount importance. Dentistry has long been a skilled craft, but 
it is much more than that. It is also, and primarily, a science. Thus it is, or 
should be, concerned not only with how to do it, but also with why do it. A 
better understanding of the scientific principles underlying our techniques will in- 


evitably improve those techniques, since it focuses attention on the goal and thus 
provides a criterion for evaluating our procedures. 

This article discusses full mouth rehabilitation in terms of its aim, the 
restoration of function; through a survey of the scientific principles involved 
in function, it seeks to evaluate mouth rehabilitation procedures by the criterion 
of how well they fulfill this aim. 


HISTORY 


The modern practice of renewing and reorganizing the teeth by prostheses 
began with the idea of “raising the bite” to rectify closure resulting from excessive 
wear of the occlusal surfaces.” Later, such closure was associated with hearing 
loss, notably by Costen.* This view, though later questioned, served to stimu- 
late interest in increasing the length of the patient’s own teeth and thus in in- 
creasing the vertical dimension. 

In correcting articular disturbances, the best procedure came to be the 
retention of the remaining natural teeth in so far as this was possible. To accom- 
plish this, these teeth were rebuilt to harmonize with the movements of the joints 
in order to protect them from further injury. 

With our present understanding of traumatic occlusion and its deleterious 
effect upon the supporting structures, the procedure known as “bite raising” has 
shifted in emphasis and broadened in scope and is now designated by a term that 
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describes it more accurately, full mouth reconstruction. It now includes therapy 
which will, by improving the relationship of the teeth, improve the condition and 
health of the supporting structures. 


DISCUSSION 
When the teeth have been realigned through full mouth reconstruction, the 
general tone of the supporting tissues invariably improves. What factors account 
for this improvement? 


B. 


Fig. 1—A, Right view, before and after treatment. B, Left view, before and after treat- 
ment. Before treatment, any force exerted on the teeth would cause food impaction, tilting 
force on tipped teeth, and excessive lateral pressures on teeth above and below plane. With 
treatment, greater chewing force is possible with almost complete freedom from discomfort. 


Obviously, the removal of excessive lateral forces and the elimination of 
plunger cusps and similar forces attendant upon the realignment of full mouth 
reconstruction lessen continuous injury to the supporting structures. But these 
factors, though helpful in improving the condition of these structures, are less 
important than the increased stimulation of, and circulation in, the tissues that 
are brought about by the improved function. 

The masticating apparatus that is normal, healthy, and functioning is able 
not only to carry out the work for which it is designed, but also to maintain itself 
in health. The various structures involved, through their form and arrange- 
ment, provide for both the synchronization of, and mutual protection against, 
all forces. When function is good, a generous blood circulation furnishes the 
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tissues with the elements needed to keep them in a healthy condition. When 
function is disturbed by malocclusion, the relation between the mutually pro- 
tective parts of the masticating apparatus is disrupted; moreover, because of 
lessened use, blood circulation is diminished. 

The reasons for this situation are, in essence, simple. O’Rourke,’” dis- 
cussing biting force, said: “In tests of biting force, subjects usually stop at some 
point in the range of deep pressure at which they become alarmed by anticipa- 
tion of injury or pain. In ordinary mastication even lower forces are used. 
Masticatory effort is carried on at a level at which there is freedom from 
anxiety . . . .’*. “Reduction in periodontal resistance, or, in other words, lower- 
ing of the threshold for periodontal sensations leads to the use of soft foods, 
or faulty habits of mastication and swallowing. These in turn lead to further 
reduction in periodontal resistance and pave the way for early atrophic changes.” 

As indicated by O’Rourke, the force of a person’s masticatory muscles remains 
fairly constant. It is the use of the force that changes under conditions of 
traumatic occlusion. The patient’s ability or willingness to use his muscular 
force is dependent upon the comfort, or absence of pain, he experiences each 
time he brings his jaws together. 

Mutilated mouths with chronically inflamed supporting structures, due to 
traumatic occlusion, will support very little force without producing some discom- 
fort. The result is continuous subnormal use of, or at best failure to make vigorous 
use of, the teeth and jaws. The vascular tissues of the periodontium can be stimu- 
lated only by the teeth in function. Such stimulation is lacking when this func- 
tion is impaired by the inability of the patient to use the musculature in chewing 
because of the tenderness of these tissues. 

The results, in the words of Merritt,’ are . . atrophy of the alveolar 
process, malocclusion of the teeth, dental caries, impacted and missing teeth, 
periodontal lesions, and so on. Unfortunately, subnormal function lowers vitality 
at the same time that it increases susceptibility to disease.” 

The dental profession is well aware of these conditions. They are common- 
place in every dentist’s practice. But the fact is inescapable that they are not 
taken into account in all dental procedures and in instructions to patients. What 
is needed is an understanding of the role played by improved function in restor- 
ing the health of the supporting tissues and application of the implications of that 
understanding. 

Patients who have had full mouth rehabilitation commonly say that their 
mouths feel “stronger.” The masticatory muscles have obviously not been 
strengthened by therapy. What has happened is that our patients can exert 
greater force with comfort and without anticipation of pain than they could 
before and that therefore they do exert greater force. 

The therapeutic benefits of improved tooth arrangements and improved 
functioning have been indicated. The individual patient’s reaction bears wit- 
ness to these benefits and should inspire us, in terms of human satisfaction as 
well as of scientific progress, to strive continuously for improvement in the tech- 
niques of full mouth rehabilitation. 


ce 
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The broad aim of our work, the restoration of function, must always be kept 
in mind. Then and then only can we estimate the value of the techniques in- 
volved, espousing some methods and materials and rejecting others. 

For example, it is inconsistent with the aim of restoration of function to use 
materials that lose their form too rapidly owing to excessive wear or to build 
in so fragile a fashion that normal force is liable to cause breakage. Likewise, 


D. 


Fig. 2.—Construction of the gold pontic (force-bearing part) of a fixed bridge. The abut- 
ments are two molar all gold cast crowns and two bicuspid cast crowns with the buccal portion 
hollowed and undercut to receive acrylic resin facings for appearance. 

A, A modeling compound table has been built up with sufficient space allowed to carve 
inlay wax thick enough to yield a strong, stable gold casting, wider at the solder pcints, 
capable of standing up under heavy biting force. 

B, Tin foil covers the modeling compound for easy separation of carved wax. 

C, The wax is carved to occlusion. (After removal from the cast, wax loop is added for 
acrylic retention.) 

D, The casting is made and soldered to the abutments. 


the attitude toward cosmetic accommodation, which frequently sacrifices func- 
tion to appearance, is open to severe criticism. As a result of this attitude we 
seek to conceal materials, such as gold, that are generally acknowledged to 
be capable of supporting the most vigorous forces. Instead we use abutment 
castings in which the safety factor of retention is so slight that they do not last, 
or they last only when the patient heeds the warning not to “overuse” his 
restorations. 
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Markiey’ discussed this ‘point as follows: “Desire for improved esthetics 
through the years has stimulated changes in abutment design. Clamor for the 
inconspicuous has brought intricate and less retentive abutments into common 
use. In too many cases, it has influenced dentists to attach bridges to inlays 
which hardly could be expected to serve alone as single restorations. An unusual 
inlay is required for a fixed bridge support. 

“The complete encirclement of a tooth remains as the strongest and most 
dependable abutment, and should be employed wherever possible.” 










A 





B. 













Fig. 3.—A, Partial denture with gold cusps added to acrylic teeth. B, Denture in posi- 
tion in the mouth. The gold cusps permit the patient to use full masticating force without 
breakage or undue wear while retaining the anatomy carved into these surfaces. 











The author heartily agrees with Markley. He suggests, however, that the 
final sentence of this quotation should be changed to “. . . and should therefore 


always be employed.” This suggestion is made because the author has found 







that complete crown coverage with cast gold cusps for abutments, both in fixed 
bridgework and partial denture work, permits the nearest approach to the patient’s 
own natural dentition. This system is capable of supporting all important vigorous 
chewing without fear of dislodging delicate castings, breaking dainty but fragile 
solder joints, or cracking beautiful but delicate porcelain. 









It is, however, not the author’s intention to suggest that one method of re- 
building mouths is the one to be preferred above all others. The essential 
thing is that some system be used that fulfills the aim of mouth rehabilitation. 
To this end, restorative or abutment castings must be capable of resisting dis- 
lodgment ; pontics, in addition to being satisfactory in appearance, must be made 
of materials that are neither brittle nor easily worn; solder joints must be 









strong. 
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It should be kept in mind that although the operations of all mouth rehabilita- 
tion procedures are performed on tooth units, they have one basic objective: the 
equalization of the forces directed against the supporting structures. Any dis- 
harmony at the occlusal or incisal aspects of a tooth will direct forces against 
these malaligned surfaces and thus subject the supporting structure to traumatic 
injuries. Similarly, any impairment of buccal or lingual harmony will be re- 
flected in injury to the gingival tissues and subsequently to the deeper tissues 
involved in supporting the tooth. The proximal contact anatomy is also vital 
in maintaining the health of the underlying soft tissue. Poor contact relation- 
ships encourage food impaction with resultant periodontal tissue loss. 


SUMMARY 


Dentistry seeks to increase the life span of the functioning dentition. As 
medicine increases the life span of the functioning individual, the responsibility 
of dentistry increases proportionately. For this reason, full mouth rehabilita- 
tion of the neglected adult mouth is regarded as of increasing importance, for it 
is only through this procedure that adult patients with dentitions in varying 
stages of degeneration can be restored to dental functioning and dental health. 

Mouth rehabilitation seeks to convert all unfavorable forces on the teeth, 
which inevitably induce pathologic conditions, into favorable forces which per- 
mit normal function and therefore induce healthy conditions. The favorable 
forces increase tolerance of the supporting structures to masticatory pressures, 
a physiologic condition that has far-reaching effects. The restoration of normal 
healthy function of the masticating apparatus is the ultimate aim of full mouth 
rehabilitation. Methods and materials employed in the procedure are not to be 
advocated or rejected in arbitrary fashion, but are to be evaluated in terms of 
their contribution to the achievement of this aim. 
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A SPLINT WITH A FUTURE 
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ENTISTRY’S progress is being measured by the number of teeth that are 

being retained. Indiscriminate extraction of teeth is no longer being prac- 
ticed by men who have learned that, mentally and physically, an individual is hap- 
pier when he knows that every effort is being made to save his teeth and that his 
dentist is exercising ingenuity and skill and courage in so performing his task: 
ingenuity, for there is no set pattern or blueprint to follow when the health of a 
patient is paramount; skill, because innate ability and feeling must be expanded by 
experience and constant or additional training ; courage (perhaps this point has not 
been considered sufficiently in the past) to splint teeth when the easiest way out 
would be to extract, to parallel each member, and to perform the many added 
operations just to keep abutments which are so vital to a fixed restoration when, 
perhaps, the immediate concern of a patient is the relief of immediate discomfort. 
Certainly, courage is demanded of that operator who performs these many added 
services because he, and he alone, knows what is best for his patient. 

The splinting of teeth has been practiced for many years when mobility and 
periodontal involvements are such that only by restricting tooth motion and by 
using the stronger teeth to aid the weaker ones can retention be maintained. Case 
records prove beyond any doubt that splinting, when used judiciously and skill- 
fully, is a basic tenet in oral rehabilitation. 

Splinting of anterior teeth presents many more problems than splinting of 
posterior segments. For that reason, this discussion will be confined to the splint- 
ing of the teeth in the anterior portion of the mouth. The ideal preparation for 
full tooth coverage by the restoration includes the formation of marginal shoulders. 
The maxillary incisor and cuspid preparations are formed to receive gold cores. 
Typical shoulder jacket crown preparations are made. During the construction 
period, the prepared teeth are protected by covering them with a temporary acrylic 
splint. This also fixes the teeth and represses the gingival tissues from the shoulders 
of the preparations. 

The gold cores are cast and fitted individually. Then they are joined, two 
at a time, until the six are attached into a single unit. Note that the labial surface, 
from above the incisal edge to just below the gingival margin, is devoid of gold 
to allow for a thin labial restoration. Fig. 1 shows this gold understructure from 
cuspid to cuspid. The labial shoulder is free of gold so that the acrylic veneer 
jacket will rest on the prepared shoulder to give a more pleasing esthetic result. 
Fig. 2 shows the understructure cemented in place. 
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Fig. 1. Fig. 2. 


Fig. 1.—The gold understructure of the splint which is made by soldering 
the individual castings together. 
Fig. 2.—The gold understructure cemented onto the teeth. 


Fig. 3. Fig. 4. 


Fig. 3.—Three of the acrylic veneer jackets cemented in place. 
Fig. 4.—The finished restoration. 


Fig. 5.—The lingual side of the splint on the cast. 
Fig. 6.—The lingual side of the splint in the mouth. 
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It is not advisable to cement all six restorations at one time (Fig. 3). A 
suggested method would be to place all jackets in their positions, then to remove 
each jacket as cement is mixed, and to replace the cement-filled jacket, meanwhile 
holding the uncemented jackets in place until all are seated (Fig. 4). The lingual 
views are seen on the cast in Fig. 5 and in the mouth in Fig. 6. 





Fig. 7. Fig. 8. 


Fig. 7.—The acrylic veneer jackets, labial view. 
Fig. 8.—The individual restorations, cervical view. 





Fig. 9.—The individual restorations, lingual view. Note the female parts of the internal 
attachments in the cuspid restorations. 





Fig. 10.—The splint in place on the cast. The male part of the precision attachment is shown 
about to be inserted into the female part of the attachment. 


Mandibular cases commonly show retained anterior teeth and edentulous 
posterior areas. The preparations of the incisor teeth in this jaw may be formed 
without shoulders because of the peculiar anatomy of these teeth. Gold is carried 
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to the gingivolabial margins of the lower teeth since they present no esthetic 
problem in this area. Individual acrylic veneer jackets are fabricated, and each 
is fitted to its respective gold core on the understructure which is similar to that 
shown in Fig. 1. 

The individual acrylic veneer jackets are to be seen in Figs. 7, 8, and 9. 
Since this splint is to serve also as a retentive abutment for the restoration of the 
posterior teeth on either side and since precision or internal attachments are being 
utilized, the female parts of the attachments are included within the gold cores 
which the acrylic veneer jackets cover. These attachments will be at the distal 
ends of the splint when it is assembled. Fig. 10 reveals the male ends of the 
precision attachment on the lingual bar structure which has occlusion rims attached 
to it. 

There is but one change in the cementation procedure where precision attach- 
ments are included. The end units, whether cemented at the same time or sepa- 
rately, must be positioned with the lingual bar while the male ends are in female 
receptacles of the precision attachments to insure exactness of placement. This 
is done to avoid any possibility of discrepancy in the final step. 

The understructure splint, with individual acrylic veneer units, has many 
advantages over the one-unit combination of splint and veneers which we formerly 
used. (1) The esthetic superiority is obvious because each member of the restora- 
tion presents and retains its individuality. ~ (2) The future of the appliance is 
assured. If the extraction of any one tooth should becgme necessary, the affected 
tooth can be removed without disturbing the understru@ure or the restoration. 
(3) Breakage of any one unit can be repaired with a minimum of patient or 
operator disturbance. In fact, repair is further simplified by the use of the im- 
proved hydrocolloid impression procedures. The necessaty steps for the repair 
of a broken jacket veneer are as follows: Remove the rentaining portion of the 
individual veneer jacket. Make a hydrocolloid impression and pour stone dies, 
both single and master. Utilize the gold core if it is still satisfactory; otherwise, 
wax and fabricate a completely new gold and acrylic veneer jacket and cement it 
into position. The problem of repair is minimized. (4) The necessity for remov- 
ing the entire splint with the concomitant worry of disturbing the weaker teeth is 
obviated. We are assured of solving that problem where the splint is indicated and 
of having not the slightest concern should a structural disturbance arise. 
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FIBERGLAS LAMINATED PLASTIC VENEER CROWN 


J. F. Curmienti, D.D.S. 


School of Dentistry, University of Kansas City, Kansas City, Mo. 


EFORE entering into a project, we first need to understand the limitations 
B of the materials with which we are to work. Unless we have full knowledge of 
them, we cannot intelligently select and apply these materials to their fullest 
advantage. 


The technique and material which the author is now using in the construction 
of the plastic veneer crown show greater development than has been achieved 
in the past. 


The fused porcelain veneer has many advantages which we should consider. 
One distinct advantage is the almost negligible change in form and shape caused 
by thermal conditions. Also, its lack of elastic properties becomes an advantage 
in the cementation of the crown. However, the friableness of the porcelain, some- 
times evidenced in the cementing and placing process, is the primary cause of its 
failure. The porcelain veneer is a restoration which absorbs little, if any, fluid 
and so is highly sanitary. 

In considering the disadvantages of the fused porcelain veneer crown we re- 
alize, perhaps first, the difficulty in the technique of the construction as experienced 
by the majority of operators. Care must be exercised in the tooth preparation so 
as to avoid occlusal forces which would lead to breakage. The porcelain veneer 
is as strong as its weakest part. This can be said of any material, but it is highly 
exemplified here. Many operators experience disappointment in achieving esthe- 
tics in the construction of the porcelain jacket. 


We do not intend to discount the values of the porcelain veneer crown, but 
rather we want to discuss briefly its merits and disadvantages. It may be said 
that the porcelain veneer crown compares favorably with the gold foil restoration. 
Anything short of perfection is a disappointment from the esthetic viewpoint and 
a dismal failure mechanically. 


THE ACRYLIC VENEER CROWN 


The acrylic veneer crown was a boon to the greater number of dentists for 
two reasons, (1) the ease experienced in construction technique and (2) the 
consistently good results obtained in esthetic qualities. But, like any operation 
made easy, it has been greatly abused. 
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As we all know, a summary of the advantages of the acrylic veneer would 
include ease of construction, excellence in esthetic qualities,: and resistance to 
breakage due to lack of brittleness and better elastic properties. 
The disadvantages of the acrylic veneer crown have been experienced by 
almost every dentist who has constructed one; these are, mainly, its failure to re- 
main cemented, due to thermal expansion, and its elasticity. 





Fig. 1.—Steps in the construction of the laminated plastic veneer crown. Left, The first 
layer of acrylic is applied to the die. Note the projections to the mesial and distal edges at 
the incisal surface. The crown is ready for the Fiberglas reinforcement. Center, The Fiber- 
glas thread is in place with the filling resin. Right, The finished crown with Fiberglas 
thread reinforcement. 


Acrylic veneers are believed by some to have an affinity for the oral fluids, 
a situation which leads to unsanitary conditions. This is at variance with the 
true facts. The unsanitary condition is brought about by the difference in the 
thermal expansion of the plastic and that of the tooth structure. The leakage 
caused thereby is the disintegration of the cement which permits debris to ac- 
cumulate between the tooth structure and the crown. Therefore, putrefaction 
takes place. 
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In the past the attempt has been made to overcome the elastic properties by 
the casting of metal reinforcements embedded within the plastic. The afore- 
mentioned leakage can and does take place, but it is between the metal and plastic 
structures because the plastic is held on to the metal by mechanical retention. 
Consequently, there is still a question of the sanitary aspect, even though the 
veneer stays in place on the tooth structure. 


THE FIBERGLAS LAMINATED PLASTIC VENEER CROWN 


All of this discussion is intended to refresh our minds and bring us closer 
to the appreciation of a major improvement in the construction of the plastic veneer 
crown, although perfection is not claimed. 

The author does not intend to claim origination of this technique, for it has 
been used in commercial industries for several years and was presented to the 
dental profession for plastic veneer crowns by Clark C. Smith of the Kay See 
Dental Manufacturing Company, Kansas City, Mo. We have made limited re- 
search and several practical applications of the method and have achieved ex- 
cellent results. We are engaged in the process of further research, but now want 
to present the idea to the greater field of research, the practicing dentist. 

Use of the technique shows an .improvement in the tensile strength, impact 
strength, and flexural strength and little or no change in shape due to thermal 
variations. In this technique we incorporate Fiberglas into the plastic. 

In commercial industry the incorporation of 25 per cent Fiberglas (by volume ) 
into the plastic increases the flexural strength three times, while the tensile strength 
is increased four times. The impact strength is increased seventy-five times. The 
rate of water absorption is little affected. These facts are obtained from com- 
mercial manufacturers’ data. 

An experiment devised to show the effect of temperature change revealed the 
following : 


Rod Length Temperature 
(without Fiberglas incorporated) 

64.000 mm. 68° F. 

64.146 mm. 140° F. 

64.056 mm. 98.6° F. 
(with Fiberglas incorporated) 

64.000 mm. 68° F. 

64.070 mm. 140° F. 

64.020 mm. 98.6° F. 

TECHNIQUE 


The technique for the laminating of the veneer crown with Fiberglas thread 
and acrylic resin is as follows: 

1. After preparing the tooth for the jacket crown, make the impression 
in the usual manner and pour a stone die. 
2. Coat the stone die with an alginate separating material and let it dry. 
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3. Apply a very thin coat of tooth-filling resin to the die, just covering the 
die, and build a small bead on each side of the die at the incisal edge to prevent 
the wrappings of the Fiberglas thread from slipping off the end of the structure 
(Fig. 1, left). 

4. After the first coat of the resin has set (ten to fifteen minutes), it will be 
time to start the reinforcement with the Fiberglas thread. Wrap the Fiber- 
glas thread around the coated die, without letting it pile up, until the wrappings 
cover the entire length of the preparation (Fig. 1, center). 

5. Apply another very thin coat of resin to the entire length of the prepara- 
tion; continue this laminating process as long as there is space on the prepara- 
tion and the laminate does not interfere with the appearance or anatomy of the 
tooth. This should take from one to three passes of the Fiberglas thread. 

6. Break off the thread and continue building up the anatomy of the tooth, 
using the brush technique which is used for tooth-filling resins. The strength, 
lack of thermal expansion, and elastic properties will all depend on the amount 
of Fiberglas thread used in this laminated jacket. Fiberglas thread has very 
little elongation, and the strength is 270,000 pounds per square inch. The thermal 
expansion of the Fiberglas thread is less than that of tooth structure (Fig. 1, 
right ). 

With a little artistic skill much can be accomplished in building up the esthetic 
anatomy, coloring, and shading. A jacket crown can be constructed which has 
beauty, strength, and dimensional stability, something that has not been ac- 
complished before in plastic restorations. 

This is an idea that is new to dentistry. It is simple and effective. 


1108 E. Tentu St. 
Kansas City, Mo. 





MODERN TECHNIQUES FOR THE FULL CROWN AND PLASTIC- 
FACED GOLD VENEER CROWN PREPARATIONS 
USING DIAMOND INSTRUMENTS 


LAWRENCE H. CLayMAN, D.M.D. 


Associate Attending Dentist, Montefiore Hospital, New York, N. Y. 


HE introduction of diamond cutting instruments into dentistry has been a 
A great aid for crown and bridge prosthesis. Diamond instruments have enabled 
us to prepare teeth faster and have also reduced the trauma incident to operative 
procedures by cutting more efficiently, more quickly, and with less friction and 


resulting heat. 

For maximum cutting efficiency, diamond instruments should be used at high 
speed with light pressure and should be well lubricated by a continuous stream of 
tepid water. Walsh and Symmons' in their experiments found “that stones and 
diamond instruments will remove enamel from sound teeth approximately three 
times as fast and at 1/30 pressure at 60,000 r.p.m. as at 3,000 r.p.m. for the same 
range of temperature rise. Using stones and diamond instruments, the combina- 
tion of high speed and low pressure is from three to five times as efficient as low 
speed and high pressure. The light touch needed gives greater ease of control 
with less danger of slipping off the tooth.” Larson* also stated that “the cutting 
ability of diamond instruments increases as the number of revolutions is increased. 
Peak grinding efficiency is reached with slight pressure.” 

I feel that a word of caution is necessary, especially for the dentists who are 
not too familiar with the use of diamond instruments and for those who will use 
the following techniques for the first time. While high speeds cut most efficiently, 
they will also cut a great deal of tooth structure. To avoid reducing the teeth to 
“toothpicks” and possibly causing pulp exposure and permanent harm to the vitality 
of the abutment teeth, I would suggest looking twice before cutting and also using 
the instruments at reduced speed until one gets the “feel” of cutting with diamond 
instruments. 


The work of Henschel* pointed out very definitely the need for adequate 
lubrication during tooth grinding. Henschel reported that “friction as developed 
by steel burs was experimentally measured, and it was found that the surface tem- 
perature of the dentin rose from its oral level of 98.6° to about 233° or even to 
368° F.” Water, when used with diamond instruments, does more than just 
eliminate frictional heat; it also flushes away debris and prevents the instru- 
ments from clogging. Diamond instruments last longer and cut more efficiently 
when the spaces between the diamond chips are not packed with debris. 


Read before the Greater Pittsburgh Meeting, Pittsburgh, Pa., Sept. 12, 1951. 
Received for publication Jan. 24, 1952. 
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The following techniques were developed in 1948 by the instructors, L. Schorr, 
S. Arkway, E. Bassett, S. Mink, and the author, of the preparation group of the 
Harry M. Seides Memorial Course in Fixed Bridgework, which was given by 
the First District Dental Society in New York City. Our goal was to develop a 
systematized procedure for abutment preparation. We hoped to eliminate the gen- 
eral tendency to use one instrument and then to stop to decide which instrument 
to use next. An orderly step-by-step procedure was developed which made use 
of as few instruments as possible (Figs. 1 and 2). Diamond instruments facili- 
tated our work because, for the first time, we had instruments which could cut 
pieces from the tooth rather than wear the tooth down, as was done in the past 
by Carborundum wheels and points. The method of cutting pieces of the tooth 
causes less trauma and less possible injury to pulp tissue. Where an instrument 
can accomplish several jobs, it is kept in the handpiece or contra-angle and is used 
to do them, instead of changing to another instrument. 


Fig. 4.—Complete selection of the instruments used for the cast crown and-the 
plastic-faced gold crown. 


About the only drawback found in using and recommending diamond instru- 
ments was the fact that there was no uniformity in the numbering of the instru- 
ments. Each manufacturer used different numbers in identifying the various shapes 
of his instruments. It was not like the system of numbers used by all bur manu- 
facturers, where the shape, contour, and styling of a 557, for example, are prac- 
tically the same for all brands on the market. To eliminate the confusion that 
results when only a word picture is given of a precise instrument, the numbers of one 
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manufacturer, “Star,” are used. The naming of a manufacturer is not an endorse- 
ment of his product, but a guide to the size and shape of the instruments. 


CAST CROWN 


The cast crown is considered the most ideal retainer and is used most frequently. 
According to Thom,’ “The full crown is the strongest abutment known at present. 
With recent developments it is now more adaptable and, if necessary, can be used 
on any tooth in the mouth. Certainly, much criticism of crown and bridge service 
can be avoided if an abutment is chosen which is sure to serve without loosening, 
and if it is made to measure up to the standards of health service.” 

The preparations shown are carried below the gingival border, following 
Leof,* and finished as “far down” the gingival trough as possible without undue 
gingival injury. 

A question often asked is: “What do you do about old fillings in the tooth?” 

Previous fillings are removed unless they are ones recently placed by the 
operator and he is certain that there is no caries beneath the filling. 





Fig. 2.—The diamond instruments and the sequence of their use. 


Another problem confronted is the presence of decay in the tooth being pre- 
pared for a full crown. If the caries is not too deep, a tapered box preparation is 
made of the decay. This is done as a practical measure to increase efficiency. In 
this manner, we eliminate the time-consuming procedure of burring out the decay 
and stopping to make a cement filling which is frequently pulled out in the process 
of impression making. The tapered box on the die is usually filled before the 
wax-up; or, if the crown is short, the box is incorporated to give additional re- 
tention. However, if the caries is so deep that a tapered box preparation will 
jeopardize the vitality of the tooth, then a cement filling is made. The decay 
is removed, and the cavity is sufficiently undercut before it is filled with cement. 


STEPS IN PREPARATION OF THE CAST CROWN 


1. With the No. 40 in the contra-angle (Fig. 3) slice off an occlusal piece 
from the buccal to the middle sulcus and from the lingual to the middle sulcus and 
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Fig. 3—The occlusal slice. 





Fig. 4.—Beauty pink wax (hard) 1 mm. thick is used to test occlusal clearance. 
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chip off the pieces of tooth. The slice is started about 0.5 mm. from the occlusal 
surface, and an entire piece of the occlusal surface is removed. In this manner 
occlusal clearance is obtained quickly and definitely. There should be a space of 
at least 1 to 1.5 mm. between the opposing teeth. This space should be present 
in all excursions. A space of less thickness causes the resulting castings to have 





Fig. 5, A and B.—A, Loss of proper contact points and marginal ridge relationship due 
to migration of the molars. B, Restoration of proper contact and marginal ridge relationship. 





Fig. 5, C.—Roentgenograms of tilted lower molar and extruded upper molar. 


a flat occlusal surface, void of any tooth carvings and so thin that perforations in 
the gold occur shortly after placement. This clearance can be tested by the use 
of beauty pink sheet wax which is 1 mm. thick (Fig. 4). A small piece of the 
wax is gently warmed and placed over the cut tooth. The patient is instructed 
to close the teeth together. The piece of wax will show by its thinness where 
more tooth structure should be removed. When the proper amount of clearance 
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Fig. 6.—Marked buccal and lingual bulges are removed by slicing. 








Fig. 7.—The mesial surface is removed by slicing at the dento-enamel junction. 
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is obtained, practically no marking will be shown in the wax. In the case of tilted 
molars the distal surface is usually in supraocclusion, and the proper contact point 
and marginal ridge position are lost (Fig. 5). In restoring such a tooth our 
aim is to correct these deformities. Hence more of the tooth is removed on the 
disto-occlusal surface. This can be done with impunity because we are a safe 
distance from the pulp chamber. We must make provision for this additional re- 
duction in the preparation, or the casting will perpetuate the deformities that result 
in a collapse of the normal occlusal plane. 

2. With the same No. 40 slice the buccal and lingual surfaces from the occlusal 
to the cervical edges (Fig. 6). In this step any marked bulges are removed from 
the tooth. This is for bulk reduction. 


Fig. 8.—The use of the Crenshaw scaler Nu. 11 to remove the contacting surface of the 
abutment tooth. 


3. Slice the mesial surface with No. 83 handpiece (Fig. 7). This is the 
procedure for a mesial edentulous area. The slice is not started at the mesial 
surface, and the tooth is not worn away ; instead a mesial piece is removed by start- 
ing the slice at the dentoenamel junction 1 to 1.5 mm. from the proximal surface. 
According to Tylman,’ “The disc is inclined toward the tooth axis and sighted 
toward the gingival in such a direction, in the case of younger patients, that when 
the cut is completed, the disc will emerge gingival at the crest of the gingival tissues. 
In older patients, the cut will end gingivally slightly beneath the crest of the gum 
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tissue.” 

4. Slice the distal surface with No. 83 handpiece slightly gingival to the 
contact point when there is an adjacent tooth. In some cases, this may have to 
be done with a contra-angle or the use of extra long mandrels in order to get past 
high cusps of the teeth in front. The entire piece of tooth which is contacting 
another tooth is then chipped away with an ivory Crenshaw scaler No. 11. The 
scaler is placed in the embrasure and pulled toward the occlusal surface, thus 
fracturing the partially cut surface (Fig. 8). The No. 83, an edge-cutting disk, 





bar wary CROWN PREPARATIONS USING DIAMOND INSTRUMENTS 267 
is used before the No. 87, a safe side disk, because it can cut through the tooth 
structure more quickly and without jamming (thus avoiding accidental cutting of 
cheek or tongue). 

5. Finish both slices with the No. 87 in the contra-angle (Fig. 9). If there 
is no adjacent tooth, a double-sided perforated disk can be used for the mesial and 
distal finishing. This eliminates removing the disk and turning it over when 
the mesial and distal cuts are made. All disks should be perforated if a water 
attachment is used for lubricating. The perforations permit the water to reach 
and lubricate and cleanse the side of the disk cutting against the tooth. 


Fig. 9. Fig. 10. 


Fig. 9.—Finishing the mesial and distal surfaces. 
Fig. 10.—Tapering the buccal and lingual surfaces. 


6. Taper all around with No. 5X (short shank) in the contra-angle (Fig. 10). 
In doing this step we keep in mind that, if possible, the crown should have an occlusal 
surface that is slightly narrower than the original tooth. We now have an oppor- 
tunity to correct teeth that may be in buccal or lingual malalignment by reducing 


more of the surface that is malpositioned. 

7. Remove line angles with the No. 43L (short shank) in the contra-angle 
(Fig. 11). This is a most useful instrument and also a very dangerous one if not 
used correctly. The concavity of this instrument permits one to get in between the 
teeth and remove the line angles. It is necessary to keep the instrument in motion 
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the entire time it is being used. The instrument is moved occlusally from the 
depth of the gingival trough so that no ledge or gingival shoulder will be formed. 

8. Reduce remaining bulges at the cervical edge with No. 13 in the contra- 
angle (Fig. 12). This instrument will fit and cut beneath the gingiva without 
causing excessive soft tissue injury. In instances where the trough is very deep 
and the tissue is loose due to pocket formation, access can be readily obtained by 
using a rubber dam clamp and pushing the gingiva away or by removing the tissue 
surgically ; we consider the latter the method of choice. To test whether there 
is any cervical undercut, pull a scaler from the gingival trough occlusally. One 
can feel the scaler going over a bump when an undercut is present. 


Fig. 11.—The removal of line angles. 


9. Create occlusal planes with No. 103 in the contra-angle and No. 31X 
handpiece (Fig. 13). The No. 103 cuts on two surfaces and will form a V- 
shaped occlusal surface. The V shape is desirable because it gives additional depth 
in the central sulcus of the tooth for the proper carving of grooves. 

10. Smooth with plastic disks and rubber wheels (Fig. 14). The disks 
are used to polish the sides of the preparation. 

Plastic abrasive disks are used because they can be used with water lubrica- 
tion. The disks do not disintegrate from the water and saliva; thus they last 
longer. Before plastic disks were used, it was necessary to use air to keep the 
tooth cool. We have found that even anesthetized teeth are irritated by a blast 
of air. 
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Diamond instruments are coarse cutters and leave nicks and grooves on the 
tooth. These are removed with the plastic disks. The occlusal surface is smoothed 
with a rubber sulci wheel. The smoother the preparation, the easier it is to make 
an accurate impression. It is inadvisable to smooth the tooth excessively along 
the gingival margin, or the finishing line may be obliterated. 


Fig. 13.—The formation of the occlusal planes. 











J. Pros. Den. 
CLAYMAN March, 1952 


THE PLASTIC-FACED GOLD CROWN 


The veneer type of abutment has gained great popularity since plastic has been 
used for a labial and buccal window. The improved esthetics has enabled us to 
use the veneer in many places where we previously resorted to esthetic retainers 
with less strength. 

This retainer is particularly indicated for: (1) short teeth (coronally) ; 
(2) lower first and second bicuspids where the mesial and distal surfaces are 
too. short for adequate retention with grooves; (3) upper bicuspids and anterior 
teeth where adequate retention would involve an unsightly display of gold; (4) 
teeth with multiple fillings; (5) a mouth with a high caries incidence; (6) teeth 
with pronounced cervical erosion; (7) the correction of malalignments, viz., 
excessive rotation and malposition; (8) multiple abutments. 


Fig. 14.—The final smoothing of the preparation. 


STEPS IN THE PREPARATION OF THE PLASTIC-FACED GOLD CROWN 


1. With the No. 40 in the contra-angle, slice off an occlusal piece from the 
buccal to the middle sulcus and from the lingual to the middle sulcus (Fig. 15). 
Check for clearance with the beauty pink baseplate hard wax. 

2. With the same No. 40, slice the buccal ‘and lingual surfaces from the 
occlusal to the cervical edges (Fig. 16). Cut away all the remaining enamel 
on the buccal surface. On the lingual surface enough enamel is removed to 
form a slight taper. 

3. Slice the mesial surface with the No. 83 in the handpiece. Start the 
slice at the dentoenamel junction (Fig. 17). 

4. Slice the distal surface with the No. 83 in the handpiece. 


5. Finish both slices with the No. 87 in the contra-angle (Fig. 18). 








Fig. 15. Fig. 16. 


Fig. 15.—The slicing of the occlusal surface. 
Fig. 16.—The removal of the marked lingual and buccal bulges. 


Fig. 17.—The removal of the mesial and distal surfaces. 
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Fig. 18. Fig. 19. 


Fig. 18.—Finishing the mesial and distal surfaces. 
Fig. 19.—Tapering the buccal and lingual surfaces. 


Fig. 20.—The removal of the line angles. 








Fig. 22.—Model showing the buccal shoulder. 


Fig. 23.—The elimination of the cervical enamel bulge. 
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6. Taper all around with the No. 5X in the contra-angle (Fig. 19). Even 
though this instrument is a tapered cylindrical stone, it is possible to create 
an undercut if it is not held against the tooth at the proper angle. The in- 
strument should be -held so that the thickest part is inclined toward the central 
axis of the tooth. Failure to do this will result in a cervical undercut. 


Fig. 24.—Bevel of buccal shoulder. 


Fig. 25.—Creation of the occlusal planes. 
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7. Remove the line angles with the No. 43L short shank in the contra- 
angle. (Fig. 20). 

8. Cut the buccocervical shoulder with the No. 35 in the contra-angle (Fig. 
21). The width of the edge of this stone is 1 mm. If the stone is held against 
the tooth so that the face of the stone cuts the buccal surface, a shoulder of 
1 mm. width will be formed cervically. It is important to hold the stone so 
that the occlusal edge of the stone inclines toward the center of the tooth. 


Fig. 26.—The final smoothing of the preparation. 


For anterior teeth the shoulder is carried around the tooth up to the con- 
tact areas. This is done so that enough space is created to have a sufficient 
thickness of plastic to mask the gold and reproduce the proper contour and color 
of the original tooth. 

For posterior teeth, the shoulder is carried around the mesial surface 
to the contact area (Fig. 22). It is not necessary to carry the shoulder as 
far around the tooth on the distal surface. 

9. Eliminate the remaining cervical bulges with the No. 13 in the con- 
tra-angle (Fig. 23). 

10. Bevel the buccal edge of the shoulder with the No. 13 in the contra- 
angle (Fig. 24). This is done in order to have a chamfer or bevel to facilitate 
impression making because there is usually a sharp undercut beneath the shoulder. 
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The No. 13 will eliminate this acuteness. Butt joints for the shoulder are un- 
desirable because the slightest deficiency at this area permits a cement wash- 
out back to the axial surface of the preparation and is a susceptible area for 
future caries. 

11. Create occlusal planes and central sulcus with the No. 103 in the 
contra-angle (Fig. 25). | 

12. Smooth with plastic disks and rubber sulci wheels (Fig. 26). 
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ACCURATE DUPLICATION OF THE TRIAL DENTURE 


Simon Myerson, D.M.D. 


Waban, Mass. 


O paraphrase a former President, it is altogether ‘‘fitting and proper” that 

a dentist who has taken great pains to make satisfactory trial dentures should 
be greatly concerned that the occlusal relations which he has painstakingly achieved 
will be reproduced in the processed denture. According to the writer’s experience 
and also to a recent article in this JouRNAL, his chances of achieving this result 
are very slim. In almost all cases, there will be some vertical dimensional 
change in the relationship of the teeth to the cast. If the space between the teeth 
and the palatal surface of the denture is increased, this change will be referred 
to in this article as vertical dimensional increase. If the space is decreased, the 
term used to describe the change will be vertical dimensional loss. Of these two, 
the more common is an increase in vertical dimension. It is by no means impossible 
by present procedure, or by procedure other than that to be described here, to 
avoid vertical dimensional change. 

The most commonly practiced method of processing a denture is the use 
of methyl methacrylate, monomer, and polymer in a compression molding tech- 
nique. To date, this technique yields the optimum properties of methyl metha- 
crylate. The author believes that by very careful and repeated trial packing the 
increased vertical dimension that usually results can be greatly reduced, if not 
eliminated. However, the time and care that such repeated trial packing would 
necessitate are beyond what may be expected, even of competent technicians. 

It is the author’s purpose to discuss briefly the causes of the shift of the 
teeth from their original positions and to disclose a remedy. Contrary to his 
usual experience, the writer does not find the difficulties to arise from remote 
or unexpected causes. Instead his observations indicate that incomplete and 
often uneven closure of the flask are important factors in displacement of the 
teeth during processing. Often the flask is completely closed, but with such 
force that cast distortion and investment distortion occur. It also appears that 
sometimes repeated opening of the flask and repeated packing may loosen the 
teeth from the investment. . 

If these factors are, indeed, the main causes of the increase in vertical 
dimension that takes place during processing, the steps that would eliminate 
or reduce the following items, incomplete or inaccurate closure, excess pressure 
on the cast, and trial packing, should have like effect on the errors attributed 
to these causes. The contrary may be accepted with very little reservation. 
Other causes only lightly dealt with here are the almost primitive and inadequate 
flasks and presses now in use. 


Received for publication Nov. 16, 1951. 
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The remedy, which will be described, consists of: (A) determining the 
proper volume of powder and liquid that will be required in each individual 
case, (B) removing at one and the same time the obstacle to closing the flask 
properly and the cause of excess pressure, (C) making sure that the flask is 
closed and kept closed before and during the pouring of the second half of 
the investment, (D) mixing the precise percentages of monomer and polymer to 
produce the exact amount of dough required to completely and densely si the 
denture space in a single pack. 


Fig. 1.—Equipment for measuring the precise amount of powder and 
liquid required to fill the mold. 


Fig. 2.—-Ready-made space former. 


To obtain wide acceptance and use, these ends must be achieved with pre- 
cision, ease, and economy. The equipment required for measuring the precise 
amount of powder and liquid needed consists of an overflow pitcher and three 
graduates. Each graduate is of a different diameter from the others. The first 
graduate is labeled water, the second powder, and the third monomer, and each 
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is calibrated with the same letters, A to J (Fig. 1). The significance of this 
will appear later. In addition, a ready-made space former is valuable (Fig. 2). 
The cost of this equipment should be less than $5.00. 

The procedure advocated to achieve points A, B, C, and D is as follows: 

A. To determine the proper volume of powder and liquid that will be re- 
quired in each case, before sealing the approved trial denture to the cast, place 
an overflow pitcher on a smooth horizontai surface, such as a large glass slab. 
Put the graduate marked water in contact with the pitcher until it overflows 
into the water graduate; allow it to overflow ten to fifteen seconds. Empty 
the water graduate and again place it next to the pitcher. Slowly immerse the 
trial denture into the pitcher. Again allow it to overflow ten to fifteen seconds. 
Let us assume that the denture is of the average size and that the water rises 
in the water graduate to calibration F (Fig. 3). Make note of this reading for 
use later when the flask is ready to pack. 


Fig. 3.—Measuring the volume of the trial denture. 


Proceed to fasten the denture to the cast, and flask the first half as usual. 
Some care should be used to keep the back and the front of the denture per- 
imeter approximately even with the edge of the flask. Also, the denture should 
be placed as nearly in the center of the flask as possible. 

B. To remove the chief obstacle to accurate closure of the flask, namely, 
the land immediately surrounding the denture, place a ready-made space former 
on the land around the perimeter of the denture as shown in Fig. 2. Then flow 
hot wax around the margins of the space former to attach it to the land. One 
may eliminate the need for waxing the space former to the denture by coating 
the land with shellac and by positioning the space former upon it before the 
- shellac has dried, or by using a space former which is itself of an adhesive 
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nature. In the absence of a ready-made space former, at the expense of more 
time, a rope of soft wax may be molded to the land. After this, apply a separat- 
ing medium. The space which will thus be formed around the perimeter of the 
denture when the second half of the flask is poured will act to relieve the pressure 
on the cast and on the investment. 

C. To assure that the flask is completely closed when the investment is 
completed, place the body of the second half of the flask firmly on the first half 
so that metal contacts metal solidly. Hold it that way, with the fingers if neces- 
sary, while pouring the second half of the flask. The writer has soldered lugs 
on an ordinary flask, then drilled and tapped them so that the parts may be held 
together with screws during the pouring of the second half of the flasking invest- 
ment (Fig. 4). 


Fig. 4.—The flask and investment. A, Screw lugs to hold the flask parts 
together during flasking; B, the reservoir in the land. 


Next, follow the usual procedures. Allow the investment to set; then open 
the flask and remove the space former. Remove the wax completely. Allow the 
investment to dry, and apply tin foil or a tin-foil substitute. If a tin-foil substitute 
is used, it is necessary that it be thoroughly and completely removed from the 
exposed ends of the teeth. It may be said that, in average practice, neither the 
wax nor the alginate tin-foil substitutes are sufficiently removed from the teeth. 
Before packing, the cast half of the investment discloses the usual land. The 
opposite half of the investment shows a nice reservoir completely surrounding 
the perimeter of the denture (Fig. 4). 

D. To assure an accurate mix of powder and liquid in the amount required, 
pour polymer powder into the polymer graduate to the indicated calibration (F 
in this example, see Fig. 3). Pour monomer into the monomer graduate to 
the same calibration (Fig. 5). Now pour the monomer into the mixing jar, 
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and then slowly pour the polymer powder into the monomer. It must be 
poured slowly so as to allow the monomer to penetrate and thoroughly wet the 
polymer. Do not pour the polymer into the mixing jar first. If correct propor- 
tions of monomer and polymer are used, the monomer will remain quite wet until 


the last small portion of polymer is poured in. Mix the polymer and monomer 
according to the directions of the manufacturer of the denture base material being 
used. When the mix has reached the proper consistency, use all of it in the first 
and only pack. 

In closing the flask, it is advantageous to press slowly and hard, but not 
too hard, until the flask is closed. If the flasking has been properly done, the 
flask edges will meet in a solid metal-to-metal contact. The presence of the 
reservoir, or clearance space encircling the denture, will prevent excess pressure 
on the cast and on the tooth investment. As the two halves of the flask approach 
each other under pressure, enough resistance to the escape of the excess denture 
resin is created to assure density of the denture base, freedom from strain on 
the cast, and less strain within the completed denture base. 


Fig. 5.—The exact amount of monomer and polymer necessary to fill the mold is measured. 


Experiments which have been made thus far indicate that vertical dimensional 
increase is definitely overcome by this method. 

It would be a rare piece of luck indeed if a new remedy directed at over- 
coming an old difficulty did not create new problems. In the present instance, 
such problems do arise from the inadequacy of equipment already referred to, 
namely, unscientifically constructed flasks and _ presses. 


TESTS OF THE METHOD 


Several types of tests were made to check the results of the procedure de- 
scribed. The first was as follows: Plastic teeth were used on an all plastic 
full denture. A hole was drilled through each first molar and one central incisor. 
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The complete set of teeth was then set up in the usual manner. A drill was 
run through the hole in each of the three teeth and into the plaster cast. Pointed 
brass rods were put into the plaster cast so they protruded into the baseplate. 
Brass lugs, with inverted cone-shaped centers, were secured on the occlusal 
surfaces of the three prepared teeth (Fig. 6). Measurements were made with 
a pointed micrometer between the three cone-shaped centers in the brass lugs 
before and after processing. The changes which were noted in the measurements 
before and after processing were too small to be significant. 

The risk of a loss of vertical dimension is small. This is especially true in 
dentures which have the teeth set quite close to, or in contact with, the cast. 
For that reason, measurement tests which were made with experimenal dentures 
of average type and size have failed to disclose any significant loss of vertical 
dimension. 

















Fig. 6.—Denture with brass reference points. Micrometer measurements 
were made between these points. 












The second type of test was as follows: Solid brass rods exactly one-half 
inch long or 0.500 inch were waxed onto a sheet of metal 0.064 inch thick. 
They were waxed on at different elevations. In the test piece, illustrated in 
Fig. 7, the over-all heights of the three pieces were from left to right: 0.600, 
0.564, and 0.619 inches. This means that the denture base material beneath the 
three brass rods would have a thickness of 0.100, 0.064, and 0.119 inches if there 
were no change in vertical dimension. The unit was then invested in the manner 
described for the denture experiments. The sheet of metal and the space former 
were removed, and the wax was eliminated. The mold was tin-foiled, packed, 
and processed. The tin foil produced a smooth surface and made accurate measure- 
ments possible. The processed test piece consisted of a sheet of methyl metha- 
crylate denture base 0.064 inch thick, to which were attached the three brass 
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rods. The over-all heights of the three brass rods in the same order as before 
were 0.600, 0.564, and 0.615 inches. Fractions of one-thousandth of an inch 
are omitted in this report. 

It will be noted that the denture base was the same thickness as the sheet 
of metal that it replaced and that the over-all height in the first two pieces showed 
no change. However, the third piece showed a change of 0.004 inch. This, of 
course, is a significant loss of dimension. However, the denture base at that 
point was 3 mm. thick. It must be noted that there was no corresponding 
proportional shrinkage in the other two areas nor in the denture base thickness. 


Fig. 7.—Test brass rods of equal length waxed to a metal plate with 
varying thicknesses of wax between the rods and the plate. 


Fig. 8.—Craterlike depressions in the underside of the test piece which are 
due to the shrinkage of the base material into the hollow rods. 


Some experiments were conducted to determine the cause of this discrepancy. 
These indicate quite definitely that if the thickness of the wax beneath the 
brass pieces was less than 1.5 mm., no contraction area could be observed on 
the undersurface of the test piece. When large, deep holes were drilled into 
the brass plugs, craterlike depressions could be observed on the undersurface of 
the finished test piece (Fig. 8). 
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A third type of test was made to determine differences between processing 
results where no space former was used and where a space former was used. 
A flat sheet of metal was used as a pattern. It was invested and removed from 
the investment, and denture base material was processed in the space thus formed 
by three different procedures: (1) The first method was by volumetric measure- 
ment of the material and with a single pack, but without the use of a space former. 
The result was a methyl methacrylate piece of greatly increased thickness. 
(2) The second was by very careful trial packing, but without the space former. 
More than average care was used. If enough material was used to fill the space 
and assure compression of the material, an increase in thickness of 0.003 to 
0.005 inch resulted. (3) By using both the volumetric measurement of the ma- 
terial and the reservoir in a single pack, there was no appreciable change in the 
thickness of the test piece if care was used in applying pressure. By increasing 
the pressure beyond that necessary to close the edges of the flask, a loss of 
thickness of the test piece invariably occurred. 

From experiments thus far conducted, it appears clear that the flasks and 
presses in current use are not adequate for real precision work and that some 
irregularities do arise from this source. These experiments also indicate that 
volumetric measurement of the denture base material required to replace the 
wax and to provide an excess of material in a single pack would not be success- 
ful without the provision of the reservoir surrounding the denture. 

The writer is convinced that volumetric measurement, plus the use of the 
space former as described, will eliminate vertical dimensional increase. How- 
ever, care must be exercised to avoid the use of too great force. Excessive pres- 
sure will result in a loss of vertical dimension with present equipment. The 
risk of dimensional loss is negligible, however, if bases of the teeth are not 
too far removed from the cast. 


140 Pautson Roap 
WaBAN 68, Mass. 





The Readers’ Round Table 


y pay JourNAL oF ProstHETIC DENTISTRY will give its readers an opportunity 
to express themselves. Letters must be signed, but names will be withheld 


upon request. 


Chicago, IIl. 
Editor, Journal of Prosthetic Dentistry 


F am an average dentist, I hope. I am interested in clarifying the problem, 
but I wonder. Dr. Black has said a dentist must study, but in the denture field 
where does it lead? 

In setting up teeth, I read (a) “Depress the buccal cusps” by Pleasure and 
Boswell; (b) “Set them horizontal with no curve of Spee” by Raybin; (c) 
“Set the cusps raised conventionally.” Then there are Sears and Payne who 
don’t use buccal cusps. 

Then in the lower, extend the sublingual area for retention. Then, don’t do 
this, as it impinges on the gland. Extend the area from buccal frenum to 
masseter muscle for best retention. Then I read this area can be ignored as it 
does not afford retention, and to go further, don’t include the retromolar lingual 
undercut, and of course, you must include this. 

I realize you must know all this dilemma, and I will keep reading your 
magazine, and maybe there will come a way out. 


Yours truly, 


THE JOURNAL OF ProstHETIC DENTISTRY is dedicated to the dissemination of prosthetic 
information and thought. There will always be differences of opinion on controversial sub- 
jects. A thorough airing of these differences will bring a better understanding of the 
problems and progress. Truth and logic will bring order out of the temporary confusion. 
The reader must weigh the facts. Ed. 





Chicago, III. 
Editor, Journal of Prosthetic Dentistry 


Your question raising (1:639, 1951) is a classic example of how an editor 
can stimulate thinking and yet offend no one. 

I refer to your words in regard to “An Impression Procedure” by Chester 
A. Frankewicz and Boles G. Gobby of the Denture Research Group of Chicago 
(1:648-661, 1951). I read that you said, “We question the assumption that the 
palate is better conditioned to support the denture than the alveolar ridge.” 

I have an opinion to air. Briefly, it is this: An upper denture base requires 
support. Support depends upon bone. Bone is of two conditions, namely, 
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surgerized bone and unsurgerized bone. Surgerized bone is injured bone. In- 
jured bone is undesirable for use as a supporting structure. 

To direct the forces of occlusion against injured bone is an insult to nature 
and contrary to the rules of structural support. 

Furthermore, the support of an upper denture base is determined not so much 
by whether the palate is conditioned but rather to what extent the ridge is un- 
conditioned. 


Yours for progress in Prosthetic Dentistry, 


John J. McBride 





News and Notes 


ANNOUNCEMENTS 


The meeting of the Academy of Denture Prosthetics will be held at the 
Roosevelt Hotel in New Orleans, La., March 16 to 22, 1952. 


The meeting of the American Association for Cleft Palate Rehabilitation will 
be held on April 25 and 26, 1952, at the Chase Hotel, Washington University 
Dental and Medical Colleges, and Barnes and Children’s Hospitals, St. Louis, 
Mo. Those who may wish to present papers or demonstrations may contact 
the Chairman of the Program Committee, Dr. Cecil R. Conroy, First National Bank 
Building, Belleville, Ill. 

The Ohio State University College of Dentistry will hold its annual Post- 
College Assembly on April 23 and 24, 1952. The program consists of lectures 
and clinics by the faculty and guest essayists. For further information write Dr. 
Frank C. Starr, Chairman, College of Dentistry, The Ohio State University, 
Columbus 10, Ohio. 

The Postgraduate Courses of the School of Dentistry of the University of 
Pennsylvania is offering the Third Mid-Atlantic States Seminar in Oral Medi- 
cine at Skytop Club in the Pocono Mountains in Pennsylvania, May 11 to 16, 
1952. For further information write Dr. Lester W. Burket, Director, Post- 
graduate Courses, School of Dentistry, University of Pennsylvania, 4001 Spruce 
Street, Philadelphia 4, Pa. 








it’s easy to alter 


You can change the form of 
Trubyte Bioform Teeth without 
their edges chipping or flaking. 
And you can repolish the teeth 
in a matter of minutes with 
only a rag wheel and 
pumice. Glazing is not 
necessary after grinding. 









e first’vacuum fired porcelain’ tek 


Erosions and decalcifications can 

be simulated in Trubyte Bioform 

Teeth. Doing so requires very little wy 
time. 


The increased strength and 
density of Trubyte Bioform 
Teeth are only two of the ad- 
vantages attributable to vacuum 
firing. Trubyte Bioform Teeth 
are more like the structure of 
healthy natural teeth...and react 
to light in much the same way. 


Bi Pa a RE ey Th 


Only the finest natural teeth are as 
lifelike and as inconspicuous as 
TRUBYTE BIOFORM TEETH. 
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